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APPLICATION OF DICOUMARIN (3,3'-METHYLENE-BIS- [4- 
HYDROXYCOUMARIN] ) IN TRAUMA AND 
GANGRENE 

CHARLES E BRAMBEL, PhD 

AND 

F FORD LOKER, MD 

BALTIMORE 


The problems of the control of intravascular disorders have been the subject 
of intensive investigation for many years Recent developments in chemotherap} 
have produced an agent, dicoumarm (3,3'-methyIene-bis- [4-hydroxycoumarin] ) 
capable of inhibiting coagulation of blood in vivo This compound exerts no anti- 
coagulant properties on blood directly but produces its effect through some organic 
tissue of the body A survey of the hteiature 1 reveals that some interesting and 
valuable clinical results have been obtained with this compound From current 
investigations 2 evidence is accumulating that the coagulation of blood can be 
impaired without deleterious effects on the organism It is our purpose to demon- 
strate that therapeutic impairment of the coagulation mechanism by chemical 
agents has proved decidedly advantageous in cases of trauma and of various types 
of gangrene Vascular failure resulting in thrombosis and gangrene has been 
found to be controllable by in yivo anticoagulants Such surgical applications of 
these chemical agents should prove of inestimable value during the present national 
emeigency when industrial accidents, war wounds and other conditions incident 
to v ar, such as trench and immersion foot, are so prevalent 

Following trauma, whether surgical, accidental or incurred during battle, the 
coagulation property of the blood is enhanced and this is expressed m terms of 
increased activity of prothrombin 3 and resistance to heparin 4 This increased 


From the Departments of Clinical Biochemistry and Surgery, Mercj Hospital 

1 (a) Bmgham, J B , Meyer, O O , and Howard, B Studies on the Hemorrhagic 

Agent 3,3'-Methylene-Bis-(4-Hydroxycoumarin) III A Report on Further Cimical Obser- 
vations, Am J M Sc 205 587, 1943 (5) Bingham, J B , Meyer, O O, and Pohle, E J 

Studies on the Hemorrhagic Agent 3,3'-Methylene-Bis-(4-Hydroxycoumann) I Its Effect 
on the Prothrombin and Coagulation Time of the Blood of Dogs and Humans, ibid 202 
563 1941 (c) Bollman, J L, and Preston, F W The Effects of Experimental Admin- 
istration of Dicoumarm, JAMA 120 1021 (Nov 28) 1942 (d) Butsch W L, and 

Stewart, J D Administration of Dicoumarm Compound for Prophylaxis of Postoperative 
Thrombosis and Embolism, Arch Surg 45 551 (Oct) 1942 (<?) Davidson, C S, and 

MacDonald, H A Critical Study of the Action of 3,3 -Methylene-Bis-(4-Hjdroxycoumarin) 
(Dicoumarm), Am J M Sc 205 24, 1943 (/) Meyer O O , Bingham, J B , and Axel- 
rod, V H Studies on the Hemorrhagic Agent 3,3 -Methylene-Bis-(4-Hjdroxjcoumarm) 

II The Method of Administration and Dosage, ibid 204 11, 1942 (g) Shapiro, S , Sher- 

win, B, and Gordimer, H Postoperative Thrombo-Embohzation Ann Surg 116 17a, 194- 
(/,) Wright, L, and Prandom, A The Dicoumarm 3,3'-Meth> 5 e ne -B's-(4-H>drox^ cou- 
marin) Its Pharmacologic and Therapeutic Action in Man, JAMA 120 101a (Nov 
28) 1942 

2 Allen, E V, and Barker, N W Vascular Clinics XVII A Conjecture Concern- 
ing Benefits to Man of Artificially Impaired Coagulation of the Blood, Proc Staff Meet 

Mayo Clin 18 107, 1943 , _ , , 

3 Brambel, C E , and Loker, F F Significance of Variations of Prothrombin 

Activity of Dilute Plasma, Proc Soc Exper Biol &. Med 53 21S, 1943 

(Footnote continued on nert fade) 

1 






4 


ARCHIVES OF SURGERY 


tions of piothrombin activity in undiluted plasma Brambel and Lokcr 3 found that 
12 5 per cent plasma (diluted with isotonic solution of sodium chloride) was the 
most sensitive dilution with reference to indicating the degree of the tendency 
toward acceleration of plasma clotting in relation to deviation of persons from nor- 
mal For undiluted normal human plasma a prothrombin clotting time of twelve to 
fifteen seconds was consistently obtained from the plasma of 75 healthy persons 
chosen at random, and a clotting time of ninety-five rb ten seconds was obtained 
from plasma diluted eight times with isotonic solution ot sodium chloride 1 he 
protlnombin clotting time for dilute normal plasma obtained during the course 
of the present investigation dc\ialcs considerably from that reported In Quick 
and other investigators for the same dilution \ value of forty seconds was 
leported by the majouty of otlici imestigators for this concentration of plasma 1_ 
An explanation of this marked disci epanc\ is lacking at the present time since the 
directions described by Quick foi the preparation of the reagents were followed 
in every detail Howevci, the physicochemical characteristics ot labbit thrombo- 
plastin and its preparation may easily be icsponsible for the differences encountered, 
since our knowledge of the chemistry of this reagent is meager 

Our loulme procedure consisted of two determinations of the prothrombin 
clotting time — on undiluted oxalated plasma prepared aecoiding to the directions 
of Quick, and on plasma diluted eight times w ith isotonic solution of sodium chloride 
The method outlined has pio\ed to be a biochemical means of evaluating the plnsio- 
logic response of the organism to injuiy with lcspect to the coagulatne properties of 
the blood Just at what point this physiologic response becomes a pathologic con- 
dition resulting in thrombophlebitis, etc , oi what factors transform a natural process 
into a disease are unknown at present In all the cases m which thrombophlebitis 
developed this event was predictable from the data obtained on dilute plasma 

The method of Lee and White 13 was used to determine the coagulation time 
of whole blood in connection with heparin studies 

CLIMCAL MATERIAL 

The clinical material consisted of a senes of cases involving various tv pcs of 
gangrene and trauma, classified as follows (a) post-traumatic condition with 
associated gangiene following ciush injury', (b) diabetic and arteriosclerotic 
gangrene, (c) frostbite The efficacy' of in vivo blood anticoagulants namelv 
dicoumann and heparin, was studied in these conditions Dicoumarm was used 
more extensively than heparin because of case of administration 

The principles involved in the following thesis have been used as a guide in 
all cases in which tieatment w'as given dining the course of this investigation 
In trauma and gangrene the following conditions aie manifest 

1 Conditions favoring tlnombus formation 

(a) Injury to the endothelial lining of blood vessels 

(b) Accelerated prothrombin clotting time (detectable in dilute plasma) 

(c) Liberation of excess thromboplastin (thronibokmase) b> traumatized tissue 11 

2 Marked swelling which interferes with normal circulation and oxjgenation of the tissues 

12 Pohle, F J, and Stewart, J K A Study of the Quick Method for the Quantitative 
Determination of Prothrombin with Suggested Modifications, Am J M Sc 198 622, 193° 
Brigham and others la b Quick 10n Shapiro and others Shapiro and others 11 

13 Lee, R L , and White, P D A Clinical Study of the Coagulation Time of Blood, 
Am J M Sc 145 49S, 1913 

14 de Takats, G Thrombosis and Embolism, in Christopher, F Textbook of Surgeij, 
ed 3, Philadelphia, W B Saunders Company, 1941 Jacob, F Thrombosis and Embolism 
After Closed Injuries of the Limbs, Schweiz med Wchnschr 73 117, 1943, abstracted, 
Internat S Digest 36 74, 1943 de Takats 4 
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These conditions are conducive to thrombosis, and gangrene may ensue unless 
measures are taken to inhibit occlusion m the vessels of the extremity B) means 
of in vivo anticoagulants the enhanced prothrombin clotting mechanism can be 
disrupted for any desired period without deleterious effects in the patient In 
this manner proper physiologic circulation can be maintained until natural processes 
supervene All of the patients because of their enhanced coagulation mechanism 
exhibited definite resistance to the effects of dicoumarin when compared with 
normal persons Larger doses of the hemorrhagic compound were necessary to 
produce the same effect, and the period of duration was shorter 

Heietofore, it was a matter of conjecture whether or not progressive gangrene 
would occur with consequent loss of an appendage In the cases to be presented, 
it was predicated that the loss of the extremity was highly probable, but m no 
instance was it necessary to perform a major amputation following a crush injury 

POST-TRAUMATIC CONDITIONS 

Experience has shown that gangrene may readily develop in extiemities four 
to seven days after trauma that has resulted in lacerations and severe crushing 
injuries It is well established that in extremities that have been caught in heavj 
machmeiy gangrene may develop in spite of the fact that they appear viable as 
long as seventy-two hours after the trauma However, postoperative amputation 
was unnecessary in any of the 6 cases presented in this group To date, 10 cases 
of ciush injuries to extremities have been studied, with satisfactory results No 
bleeding occurred as the result of the administration of the hemorrhagic compound 
For four of the patients amputation of fingers appeared imminent on admission 
However, the extremities were repaired surgically and therapy with dicoumarm 
was started immediately The subsequent course of recovery was uneventful, and 
healing by first intention occurred 

Course of Tieatinent — Each patient was first treated in the accident room, where the 
injured extremity was cleansed with soap and water, ether and solution of merthiolate Fol- 
lowing' admission, the patient was removed to the operating room and surgical repair carried 
out as indicated In 2 cases the administration of heparin was begun by intravenous drip 
before recovery from anesthesia A coagulation time of fifteen minutes was maintained for 
the venous blood for twenty-four hours Dicoumarin was administered orally as soon as the 
patient was able to swallow The prothrombin clotting time was determined on alternate 
days throughout the course in the hospital The administration of dicoumarin was continued 
in 300 mg doses until the prothrombin clotting time ranged between thirty and thirtj-fiie 
seconds for undiluted plasma An effort was made to maintain this lei el of decreased 
prothrombin activity, controlled by frequent determinations of plasma clotting time In this 
manner, overdosage of the hemorrhagic principle was avoided as well as any consequent 
deleterious effects, such as purpura and hemorrhage The response was found to be extrcmelj 
variable but reasonably predictable for any single patient after the coagulation ivas disrupted 

Case 1 Clashing injuty of the left fool zvith deep presswe lacciatious and beginning 
gangrene — A 52 year old white man was admitted to Mercy Hospital on April 19, 1943 
The previous day a large moving truck ran over his left foot Roentgen examination of the 
injured foot revealed a linear fracture of the cuboid bone without displacement and fractures of 
the distal ends of the second phalanges of the second, third, fourth and fifth toes There was 
a displacement of the distal fragment of the fourth toe, otherwise the ahnement was good 
A deep pressure laceration ivas asepticallj cleaned, sulfanilamide powder was placed m the 
ivound, the edges ivere approximated with silk and antitetanus serum was guen 

The familial and the past histori ivere ivithout special bearing on the case except for an 
episode of typhoid seieral years prior to admission Phisical examination showed no abnor- 
mality except for the left foot, which was markedl) swollen and ecchymotic The third toe 
on the left foot ivas markedlj cyanotic and felt colder than the remaining toes The distal 
phalanx suggested beginning gangrene Long lacerations were present on the dorsum of the 
foot, running parallel to the long axis of the foot and extending from about the tarsal region 
to tlie base of the toes 
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The patient was given the usual care of rest in bed ind elevation of the leg, and a heating 
cradle was placed over the extremities Dicoumarm thcrapj vv is begun on April 20 See 
table 1 foi the dosage and the response On April 22 the foot was dressed The distal 
phalanx of the third toe vv is black and cadaverous m appearance Marked vcsictilation 
appeared over the dorsum of the foot proximal to the bases of the toes The dorsalis pedis 
artery was palpable On Apnl 24 the foot was redressed Ihc edges of the v ound did not 
appear health} , serous oo7C was noted between the sutures, and several sutures were removed 
to allow drainage flic third toe vv is unchanged, while the second toe was cold and the color 
not good It w is felt that unless the clotting mechanism could be rapidlv altered the toot 
distal to the site of trauma would become gingrenmis The response to dicoumarm was poor 
(table 1) Large doses of dicoumarm were then administered with satistactorv disruption 
of the clotting mechuusm 1 he appe trance of the foot gradualh improved, the color ot 
the second toe assumed a normal tint, and the edges of the wound regained their healthv 
appearance The blisters on the dorsum ot the foot disappeared the epidermis desquamated 
leaving a health) noimal skin beneath and the swelling subsided 'Ihc distal phalanx ot the 
thud toe was dcfimtelv gangrenous, hut the process did not extend bevoiul this point On 
Mav 17, with the patient under anesthesia induced with pentotha! sodium the distal phalanx 
of the third toe was removed and the skin closed over the stump Lneventful recovers ensued 
The patient was dischatgcd Mav 20 as completelv recovered 

Comment Undue caution was used in the administration of dicoumarm 
After sevetal davs it was possible to maintain a constant clotting time ot between 
twenty-five and tliutv seconds foi undiluted plasma until the danger of progressive 
gangrene appealed to be passed at which time the level was purposch lowered 
Subsequent similar eases have piovcd that the patients blood was kept at a pro- 
longed clotting time foi a penod longer than necessaiv 'loo long a period elapsed 
between the date of mjitrv and the appropuate prolongation of the prothrombin 
clotting time Heparin was dcfimtelv indicated for this patient He gave all 
evidence of an imminent gangrene of the distal pait of the toot, which was appar- 
ently prevented bv the use ot dicoumaim 

Case 2 Clashing mjui\ of the lift hand and faitial ainputattoi of the lift vder 
finger — A 28 vcir old white man was admitted to Merer Hospital on June 21, 1943 with 
the complaint of having caught his hand in a mechanical roller The injure resulted in 
incomplete amputation of the left index finger and multiple deep pressure lacerations on the 
dorsum of the hand, index and middle finger Antitetanus serum was given and the patient 
taken to the operating ioom With the patient under general anesthesia, the hand was surgi- 
call) cleansed The index finger was sutured back m place, and the remainder of the repair 
of the hand was accomplished 

The familial and the past lustorv and the review of sv stems gave cssentialh negative 
information Phjsical examination gave negative results except for the injure to the hand 

Heparin was administered bj intiavenous drip beiorc the patient recovered from the 
anesthetic One liter of 0 9 per cent saline solution and 200 mg of heparin was used and 

required eighteen hours foi administration at the rate of 20 to 24 drops per minute During 

this period the coagulation time of the whole blood was maintained at fifteen minutes 
Dicoumarm (300 mg) was given orallv as soon as the patient was able to swallow 

Although the mam artcnal supplv of the index finger was not severed, the distal portion 

felt cold and appeared dusk) Two davs postoperativ civ , the hand was dressed, and all 
the digits appeared viable Normal warmth had returned to the scvcreli damaged index 
finger The patient was discharged on the seventh postoperative dav 

Comment Undei ordinary cncumstances the index fingci would have been 
amputated at opeiation, but in view of the interest in heparin and dicoumarm 
theiapy in such injuries, the operatoi decided to repaii the partially amputated 
fingei At this time it appeared that the index fingei would not lemain viable 
After appiopnate therapy, the expected result was obtained, namely, no digits 
were lost through amputation Follow-up tlnee weeks and five weeks later 
revealed uneventful impiovement This case cleaily illustrates the efficac) of 
combined dicoumarm and hepann theiapy m seveie ciush injuries 
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Case 3 Ctushing injury of the left hand zvith severe deep pressure lacerations — A 19 
year old white man was admitted to Mercy Hospital on June 4, 1943 Tram wheels had 
crushed the patient’s left hand All four fingers were split open from the tips of the fingers 
down to the bases The middle finger appeared worse than the others, and the bones were 
crushed to a degree which made repair impossible The middle finger was taken off down 
to the proximal phalanx The ruptured palmar surface of the proximal phalanx was closed 
The index and ring fingers were amputated at the junction of the middle and distal pha- 
langes, and the ruptured palmar surfaces were sutured Five grams of sulfanilamide was 
sprinkled over the fingers 

The family history, the past history and the physical examination were noncontnbutorj 

Heparin was administered by interrupted intravenous doses, and a coagulation time of 
fifteen minutes was maintained for twelve hours Dicoumann was given orally m two doses 
(table 1) The patient was discharged on the fifth postoperative dav as improved Sub- 
sequent follow-up revealed healing of the crushed hand by first intention 

Comment No subsequent amputations were necessary in this patient with 
a severe crush injury The dicoumarin therapy was of short duration and appeared 
to be adequate The impression obtained from this case was that the patient 
would have lost all four fingers back to the midpalm region if in vivo anticoagulants 
had not been used 

Case 4 Crushing injitty of the light hand zvith complete amputation of the mdci, middle 
and ring fingers at the metacarpal phalangeal joint — A white man aged 17 was admitted 
to Mercy Hospital on July 28, 1943 through the accident room after having caught his right 
hand in a stamping press , the index, middle and ring fingers had been completley amputated at 
the metacarpal phalangeal joint The patient was taken to the operating room, and a plastic 
operation was done on the stump 

A review of systems and physical examination gave essentially negative results except 
for the aforementioned injury 

At operation it was noted that the thumb and the little finger were the only digits 
remaining on the hand In order to make a viable stump, it was necessary to resect the 
metacarpal bones about two thirds of their length This gave a fair stump, but the edges 
of the skin when sutured together w'ere under more tension than was desirable To cut 
back farther would have destroyed what little function the fifth finger might have and 
would have destroyed its blood supply completely It w r as deemed ad\ isable to accept the 
skin flap under tension and use dicoumarin with the hope that the tight flaps would remain 
viable The hand was dressed on the second postoperative day, and there was no evidence 
of sloughing However, the little finger was cold, and its color was not healthy By the 
fourth postoperative day the color in the little finger had improved There was slight 
vesiculation at the base of this finger, on the dorsum, and several small -vesicles were noted 
just proximal to the stump on the dorsum of the hand In the region of the third and 
fourth metacarpal bones the edges of the skm sloughed at the line of stitches There was 
no further evidence of gangrene The patient was discharged on the tenth postoperative 
day with a viable stump No further progress in the gangrene of the edges of the skin 
was noted 

Comment In this case the fingers were completely amputated by the accident,, 
and to make a satisfactory stump having skm without any tension would have 
necessitated lemoval of the little finger and of all of the second, third and fourth 
metacarpal hones Slight dissolution of tissue was noted along the part of the line 
of stitches whei e the tension of skm was most marked After the stitches were 
removed in this area there was no extension of the gangrene In spite of the fact 
that it appeared at first that the little finger would not remain viable, the end 
result gave a normally functioning digit It was felt that a larger portion of the 
traumatized member would have been sacrified if dicoumarin therapy had not been 
used A number of similar cases have been observed in winch in the absence of 
m vivo anticoagulants the flaps became gangrenous and sloughed, necessitating a 
long period of hospitalization to allow healing b} granulation and skm grafting. 
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A~ Undiluted plasma prothrombin clotting timo in seconds 
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Case 5 Seveie laceiations and compound fracture of the left middle fingei — A 74 year 
old white man was admitted to Mercy Hospital through the accident room Aug 4, 1943 
He had received such a severe injury to his left middle finger that only the palmar integu- 
ment was intact The finger was sutured back in place and a splint applied 

The family history, the past history and the physical examination gave negative infor- 
mation except for the aforementioned injury 

The course of this patient in the hospital was uneventful except for one attack of nausea 
following the ingestion of dicoumarin At this time it was thought that the hemorrhagic 
compound was lost, and another dose was administered the following day However, a 
marked increase in the prothrombin clotting occurred (table 1) No bleeding from the wound 
took place The patient was discharged on the seventh hospital day as improied 

Comment This patient had an injury that would obviously hate involved an 
amputation on admission Through the use of an in vivo anticoagulant, dicoumarin, 
normal physiologic circulation was obtained, and the injured finger remained 
viable In addition, the case demonstrates the possibility of disrupting the coagula- 
tion mechanism to an extreme limit without hemorrhagic sequelae, i e , hematuria, 
purpura, etc 

Case 6 Clashing injttiy of the left hand zvith amputation of the distal phalanx of the 
index fingei m an accident — A 32 year old Negro man was admitted to the accident room 
of Mercy Hospital on June 19, 1943 after having suffered a severe crushing injury to his 
left hand involving four fingers and the carpal and metacarpal regions of the hand The 
injury was sustained while the man was riding on a truck which overturned, his hand 
was caught between the pavement and the truck The distal phalanx of the index finger 
was completely amputated by the accident The remaining fingers were severely crushed 
There was a compound fracture of the middle phalanx of the ring finger The patient was 
taken to the operating room for the purpose of amputating the third, fourth and fifth fingers 
However, dicoumarin and heparin therapy was considered, and the macerated digits were 
repaired 

The family history, the previous history and the physical examination gave entirely nega- 
tive information except for the aforementioned conditions 

The patient made an uneventful recovery except for a slight secondary infection which 
appeared on the fifth finger on July 1 Continuous warm boric acid compresses were begun, 
and by July 4 the infection was completely cleared up The patient was discharged on the 
following day as recovered 

Comment Combined hepann and dicoumarin therapy was used in this case, 
and the anticipated results were obtained There was no evidence of gangrene 
in any of the fingers There is no way of proving, however, that the blood supply 
in these fingers would not have been maintained even if dicoumann had not been 
administered Judging from similar cases seen prior to the availability of oral 
in vivo anticoagulants, we feel that the hemorrhagic principle dicoumarin was 
of definite value in maintaining the viability of the injured fingers 

DIABETIC AND ARTERIOSCLEROTIC GANGRENE 

Dicoumarin was admimsteied to 3 patients for diabetic gangiene and to 1 
patient for artenoscleiotic gangrene uncomplicated by diabetes, but associated with 
marked uremia Two of the patients had a minimal amount of infection with 
marked arteriosclerosis (cases 7 and S) One patient had a minimum of arterio- 
sclerosis and a maximum of infection (case S) The case of arteriosclerotic 
gangrene complicated by uienua (case 10) graphically demonstrated the effect of 
pool renal function on the physiologic action of dicoumarin Administration of the 
in vivo anticoagulant had to be discontinued because of the prolonged duration of 
the hemorrhagic effect from a single small dose 

Chemotherapy was used with the hemorrhagic compound on the basis of the 
thesis outlined on an eaiher page In every case in the group a marked increase 
m piothrombin activity of dilute plasma was manifested In these cases an effort 



12 


ARCHIVES Of SURGERY 


was made to maintain the inhibition of the coagulation mechanism during the 
inflammatory period However, it is realised that other factors, such as infection 
and level of blood sugar, plaj ,i major role in aggia\atmg the gangrenous con- 
dition Other therapeutic agents, 1 e , sulfathiazole and sulfadiazine, were used in 
conjunction with dicoumarm Ihus, two chemotherapeutic agents were used con- 
comitantlj, one to check the harmful effects of nnading organisms and the other 
to inhibit the coagulation mechanism of the blood and pre\ent thrombosis of 
peripheral vessels m the erythematous area No antagonism between the two 
diverse chemical agents was ohsened as long as a good intake and output of 
fluids was maintained Furthermore, no to\ic effects were apparent from the 
dosages used 

Course of Treatment — Dicounnrin was administered orallj immediately after the patient’s 
admission to the hospital The appropriate sulfonamide compound was used simultaneously 
to combat infection An effort yyas made to maintain the prothrombin clotting time of 
thirt>-fnc to fort>-fiyc seconds for undiluted plasma yvhicli has been found by 11 s to be the 
optimum therapeutic ley cl Some deyiations yycrc encountered, but no bleeding from ulcer- 
ated areas took place When the ley cl of prothrombin actmtj yyas loyycr than desired, the 
administration of dicoumarin yyas stopped Within tyyenty-tour to thirty -si\ hours after 
cessation of dosage, an increase 111 coagulation actwity yyas noted, and the administration 
of the hemorrhagic compound yyas resumed as indicated 

Case 7 Diabetic gangrn ir of the Eft fool — A 66 year old yylntc yyoman yyas admitted 
to Mcrcj Hospital on June 17, 19-13 yy ith an ibseess ol the left foot and beginning gangrene 
Two yyceks prior to admission she had run a nail into her foot \lthough she yyas known 
to be diabetic, she had not been folloyying her diet or using insulin 

Physical examination shoyycd a normal person except for the findings mentioned ynth 
regard to her foot The left foot yyas swollen and edematous, yyith a puncture yyound on 
the plantar surface shoyying definite abscess formation The second and third toe manifested 
signs of beginning gangrene 

The abscess yyas incised and drained on June 17 Oral administration of sulfathiazolc 
yyas started on June 19 and yyas continued to Julj 7 (1 Gm eyerj four hours) Sodium 
tetrathionatc yyas given intray cnouslj in dailj doses from June 20 to July 15 Administra- 
tion of dicoumarin yvas started on June 17 and continued throughout the course in the hos- 
pital The diabetic condition yyas controlled bj insulin and diet On August 3 the patients 
left leg y\as amputated bcloyy the knee During the period in the hospital, tests for hepatic 
function were carried out, and 110 cridcncc of impairment yyas reyealed 

The patient avas discharged as nnproyed September 7 

Comment Dicoumarin, sulfatlua/ole and sodium tetrathionatc, as well as the 
usual medications, yvere given concomitantly yyithout untoyyard reactions in this 
patient Fiona these findings it might be concluded that there are no contraindi- 
cations for the use of dicoumarin in conjunction with the administration of 
sulfonamide compounds Furthermore, this case demonstrates the fact that the 
hemorrhagic compound dicoumarin can be tolerated by patients for long periods 
without apparent toxic manifestations 

On consultation, a midthigh amputation yvas recommended However, amputa- 
tion below the knee was performed with satisfactoiv results, suggesting that the 
therapeutic principles formulated elsewhere in this paper yielded a predicted course 

Case 8 Eatly diabetic gangrene 0 } the fourth and fifth toes of the left foot in a patient 
with minimal artcriosclci osis — -This patient yvas a 48 jear old yyhite yyoman, admitted to 
Mercy Hospital on June 25, 1943 yvith the complaint of infection of the left foot She stated 
that the infection started tyvo yveeks prior to admission after the trimming of a corn on 
the fourth toe The toe became progressively yvorse and began to change from a red to a 
purplish color The third and fifth toes also showed signs of becoming involyed 

The family history yvas noncontributory, the previous history yvas relatne only in that 
the patient had had diabetes melhtus for eight years Evidence of beginning gangrene yvas 
present on the fourth and fifth toes of the left foot, extending for about 2 Cm on the plantar 
and dorsal surfaces Pus yvas seen exuding between the third and fourth toes A fluctuant 
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swelling was observed on the dorsum of the foot extending to the third and fourth toes 
The dorsalis pedis arteries were easily palpable in both feet 

The patient was put at rest in bed Incision and drainage vere carried out, with the 
patient under anesthesia induced with pentothal sodium and administration of sulfathiazole 
and dicoumarin was begun The foot was elevated and a heating cradle placed over the 
bed The infection gradually cleared up, and frequent dry dressings were applied On 
admission the blood sugar amounted to 217 mg per hundred cubic centimeters Roentgen 
study of the foot revealed destruction of the greater portion of the bone of the first phalanx 
of the fourth toe During the subsequent weeks the flexor tendon of the fourth toe and 
part of the plantar fascia sloughed out 

After several weeks, warm boric acid soaks were started and administered three times 
a day Improvement continued, amputation was unnecessary, and normal color and sensa- 
tion returned to the involved toes The patient was discharged on August 31, with almost 
complete healing 

Subsequent follow-up in the outpatient department revealed that the foot was completely 
healed except for a small area on the dorsum at the metatarsal phalangeal junction of the 
fourth toe 

Comment This patient had beginning gangrene of the third, fourth and fifth 
toes Indications were present which predicated the loss of the fourth and fifth 
toes even with the aid of the in vivo anticoagulant We feel that dicoumarin 
was a potent factor in the recovery of this patient without the loss of any toes 
or even of the entire leg Conversely, the fact cannot be minimized that the 
patient had little or no artenosclerotic changes, as indicated by palpable dorsalis 
pedis arteries in both feet 

Case 9 Early diabetic gangrene of the second, third and fourth toes of the right foot — 
A 54 year old white man was admitted to Mercy Hospital on July 28, 1943 with the com- 
plaint of an infected area on the plantar surface at the base of the third toe and marked 
discoloration of the great toe and of the second, third and fourth toes The usual area of 
erythema and brawny induration preceding gangrene of the toes extended to the region of 
the ankle The dorsalis pedis artery was not palpable 

The family history and the past history were noncontributory 

Physical examination gave essentially normal results except for the beginning gangrene of 
the second and third toes 

The patient was put at rest in bed, and a heating cradle was placed over the feet The 
temperature was 103 F on admission, and the blood sugar level was found to be 222 mg per 
hundred cubic centimeters Oral administration of dicoumarin and sulfathiazole was begun 

Immediate improvement was not observed The gangrene progressed, involving the entire 
third toe and about 2 cm along the dorsum of the foot For several days the appearance 
of the foot indicated that the great toe and the third toe would be lost since they became 
cyanotic and cold Furthermore, marked difficulty was experienced m controlling the diabetic 
condition, and it was found that the patient was accepting additional food brought to him 
by his family and friends 

After seven to eight days improvement was noted in the foot The erythematous area 
began to recede, the first, second and fourth toes began to regain their normal color 
About three weeks after admission the third toe was removed without anesthesia, and there 
was no further extension of the gangrenous process At the time of writing the patient is 
still confined to the hospital However, the reparative processes have reached a point 
which suggests uneventful recovery and discharge from the hospital in the near future 
This patient will be followed m the outpatient department at the time of further dressings 

Comment This patient has been a problem throughout his stay in the hospital 
He has repeatedly broken his diet and during his period of convalescence has been 
walking on his affected foot against the advice of the attendants We feel that 
even less tissue might have been lost had it been possible to control the diabetic 
condition more effectively This patient was a potential candidate for a midthigh 
amputation Dicoumarin therapy was effectne in maintaining phj siologic circu- 
lation in the affected member and undoubtedly inhibited the gangrenous process 

C \se 10 Ai tcriosclcrotic gangrene of the right foot tilth infection — \ 6S year old 
Negro man was admitted to Mercy Hospital on March 9, 1943 because ot gangrene imoh- 
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conditions favoring thrombus foimation It is realised, howcacr, that much addi- 
tional information is necessary to support the principles outlined 

The use of m vivo anticoagulants (dicoumarin) in the treatment of patients 
with granulating and ulceiativc lesions is not contraindicated if caution and ade- 
quate conti ol arc exercised In this connection, too much emphasis cannot be 
placed on the value of frequent determinations of the prothrombin clotting time 
as an index to dosage No set dosage for dicoumarin was found for the patients 
in the scries of cases presented In some the clotting mechanism was found to 
be refractive, and thercfoie the} required much larger doses than otheis 

No conti aindications were found when sulfonamide compounds and the hemor- 
rhagic agent (dicoumarin) were used concomitantl) if aacragc normal renal and 
hepatic function w'erc present Table 2 presents a sutnman of the total doses of 
dicoumarin and sulfonamide compounds used No eudence of hepatic damage 
following long pcnods of oral administration of the hemorrhagic compound was 
demonstrable by any aaailablc test 10n 

One patient (case 10) was treated bj amputation below the knee since it 
was feared that he could not withstand the shock of midthigh amputation This 
one instance suggests that the time-honored procedure of midthigh amputation 
in a patient with arteriosclerotic and diabetic gangrene of the toes ma\ be sup- 
planted b> amputation at a site of election below the knee if dicoumaim is admin- 
istered This thesis avas supported in another patient (case 7) whose leg was 
amputated below the knee for diabetic gangrene of the toes 

Colonel Walter Wise and Dr Henri T Collcnberg ga\c aducc and Miss Elizabeth J 
Curtis technical assistance throughout this imcstigition 

The dicoumarin used in this ini cstigation was supplied b> the *\bbott Laboratories of 
Chicago 

Rochc-Orgauon Inc, Xutlci, X J, furnished the heparin preparation used (hquaenun) 
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Evans blue or dye T-1824 is an azo dye produced by an interaction of o-tolidine 
with Chicago acid (l-ammo-8-naphthol-2,4-disulfomc acid) and has a molecular 
weight of 960 (Gregersen and Rawson, 1 Rawson 2 ) It has been used for a 
number of years by numerous workers for the determination of total plasma volume 
in man and experimental animals 3 and has been tried in the treatment of experi- 
mental cancer 4 In spite of the relatively extensive administration of this dye, 
almost nothing is known concerning its toxic properties 

The experiments to be reported were undertaken for the purpose of providing 
at least some fundamental data on this aspect 

EXPERIMENTAL PROCEDURE AND OBSERVATIONS 

The dye used was synthesized by Dr C Lischer, of the Warner Institute for Therapeutic 
Research, and was purified so as to conform with the standards established for this dye by 
Gregersen, according to spectroscopic methods In accordance with the purpose of the experi- 
ment, a sterile 0 5 per cent aqueous solution of T-1824 was injected intravenously into dogs, 
cats, rabbits and rats for the determination of an approximate single lethal dose and the 
symptomatic and anatomic toxic manifestations 

Intiavenous Injection of Dye T-1824 into Dogs — Six dogs weighing from S 15 to 10 9 Kg 
received into the jugular vein one injection of the 0 5 per cent dye solution One dog (1) 
was given 1 cc per kilogram, 2 dogs (2 and 3) 3 cc, 1 dog (4) 5 cc , 1 dog (5) 10 cc and 
1 dog (6) 25 cc Dog 6 died seventeen hours later, after an attack of vomiting and diarrhea 
with expulsion of bluish-colored material shortly after the administration of the dye Dog 5 
died five weeks and dog 3 died approximately seven weeks after the injection The other 
3 dogs of the series survived and were put to death by an intravenous injection of a 4 per 


From the Warner Institute for Therapeutic Research 

1 Gregersen, M I , and Rawson, R A The Disappearance of T-1824 and Structuralh 
Related Dyes from the Blood Stream, Am J Physiol 138 698-707, 1943 

2 Rawson, R A The Binding of T-1824 and Structurally Related Diazo Dyes by 
Plasma Proteins, Am J Physiol 138 708-717, 1943 

3 (a) Gibson, J G , and Evans, W A Clinical Studies Clinical Application of Method 

Employing Azo Dye “Evans Blue” and Spectrophotometer, J Clin Investigation 1G 301- 
316, 1937 ( b ) Gregersen, M I , and Gibson, J G Conditions Affecting Absorption Spectra 

of Vital Dyes in Plasma, Am J Physiol 120 494-513, 1937 (c) Price, P B, and Long- 

mire, W P The Use of T-1824 in Plasma Volume Determinations, Bull Johns Hopkins 
Hosp 71 51-83, 1942 (rf) Croohe, A C , and Morris, C J O Determination of Plasma 
Volume by Eians Blue Method, J Phjsiol 101 217-233, 1942 ( c ) Daws, L J Deter- 

mination of Plasma Volume in Man with Evans Blue (T-1S24), Edinburgh M J 49 
465-483, 1942 (/) Cardozo, E L Determination of Plasma Volume bj Means of Blue 

Dje T-1824, Nederl tijdschr a geneesk 83 5357-5362, 1939 ( g ) Gregersen, M I, and 

Sclnro, H Behawour of Dye T-1824 with Respect to Its Absorption b> Red Blood Cells 
and Its Tate m Blood Undergoing Coagulation, Am J Phjsiol 121 2S4-292, 1938 (fi) 
Gregersen, M I, Gibson, J G, and Stead, E A Plasma Volume Determination with 

D\es Errors in Colorimetry, Use of the Blue D\e T-1S24, ibid 113 54-55, 1935 (i) 

Dawson, A B , Eians, H M, and Whipple, G H Blood Volume Studies III Behawor 
of Large Series of Dies Introduced into the Circulating Blood, ibid 51 232-256, 1920 

4 Brunscliwig, A. , Schmitz, R L, and Clarke T H Intrawtal Staining of Malignant 
Neoplasms in Man bi Eians Blue, Arch Path 30 902-90/ (Oct.) 1940 Duran-Reinals, F 
Studies on Localization of Dies and Foreign Proteins in Normal and Malignant Tissue' 
Am T Cancer 35 98-107, 1939 
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cent formaldehy tie solution almost six months after the treatment During this period no 
consistent effect on the weight curse was apparent After the injection of doses of 3 cc and 
5 cc per kilogram the dye was ehminitcd with the urine for at least sesen days, and after 
the administration of 10 cc per kilogram for more than twelsc dass, according to the sisible 
staining of the in me 

flic autopsy of dogs 1, 2 and 4 resulted in the following ohscrsations Ao abnormal 
conditions wcie present in dog 1, which receiscd the stuffiest dose ot the dye In dogs 2 
and 4 a bluish discoloration w is found m tile testes, the inguinal hmph nodes, the con- 
nective tissue of the prostate gland and neck of the bladder, the adrenals, the intestinal wall, 
the renal coitex, the adventitia of the aort i, the piluitarv gland and the lungs In the 
lungs the bluish color appeared m the form of i fine stippling The other organs were 
grossly normal 

1 he postmortem examination of dogs 3 and 5, which died five and seven weeks, respec- 
tively, after the injection, revelled lungs with large dark red hemorrhagic and gravish 
indurated pneumonic arc is In dog 3 a hemorrhagic exudate was present in the pleural and 
peritoneal cavities and a fibrniopuruluit exudate in the pericardial cavity The endocardium 
was discolored bluish, as were the adventitia of the aorta, the liver, the spleen, the renal 
cortex, the adrenal glands, the intestine and the testes I lie brain was not discolored, while 
the meninges showed a slight bluish tinge T he testes were small The autopsy of dog 6 
showed greenish blue staining of thoracic and ibdomind organs Hierc was an intensely 
blue fluid in the abdominal cavitv, uul some bluish liquid in the stomach flic gray sub- 
stance of the brain had a bluish tint, while the white matter was unstained The meningeal 
membranes were blue 

Histologic studies were made of the organs of dogs 2, 3, 4 and 5 The organs of dogs 2 
and 4 were in general normal with the exception of the liver and the kidnevs, winch revealed 
degenerative parenchymatous lesions flic testes of both dogs showed some partially collapsed 
and degenerated seminiferous tubules The retroperitoneal hmph nodes of dog 4 exhibited a 
broad fibroliyalmc network, m the meshes of which large round cells loaded with a brown 
pigment were found The aorta of this dog revealed a definite mucoid imbibition of the 
inner media, covered by small, circumscribed hyaline intmial cushions, and a larger area ot 
hyalmmation in the outer media 

In dog 3, which received 3 cc per kilogram, the lung showed hemorrhagic edema and 
the aorta considerable subinlimal edema of the media and small h\ aline foci between atrophic 
muscle cells beneath the endothelium (fig 1 ff) 'I here was complete arrest of spermato- 
genesis m the testes, associated with some collapsed, atrophic tubules and tubules containing 
a few spermatic giant cells among the desquamated epithelial cells In dog 5 large pneumonic 
and hemorrhagic areas were found m the lung The leukocytes were mainly of the large 
mononuclear ty pc The aorta rev ealed a small In aline mtimal cushion (fig 1 D) Large 
amounts of brown pigment were present in the plngocvtes ot the spleen and the hmph nodes 
The spcrmatogcnic tubules of the testes were completelv atrophic and usually collapsed 
They were lined in general only b\ Sertoli’s cells and a few spermatogonia The basement 
membrane was a thick hyaline hand Hie other organs (brain, hypoplnsis, heart, adrenal 
gland, liver, intestine, pancreas, lymph nodes, kidnev) were essentially normal with the excep- 
tion of mild degenerative changes in the renal tubules 

Intravenous Injection oj Dvc 7 -1S24 into Cats — Tvvcntv-onc cats were used m the experi- 
ment, 9 of which were studied histologically Three cats received into the femoral vein 1 cc 
per kilogram of a 05 per cent solution of T-1S24, 6 cats 3 cc, 4 cats 5 cc , 4 cats 10 cc and 
4 cats 20 to 40 cc The cats which received 10 cc or more per kilogram vomited soon after 
the injection, sometimes repeatedly with the higher doses, and had diarrhea The dve was 
excreted visibly in the urine and feces for two to four davs The mortality rates and survival 
times are illustrated in table 3 

The table shows clearly that the moitahty rate depends dircctlv on the dose, being 
100 per cent in the series receiving 10 cc or more per kitogram A similar relation may be 
noted in regard to the length of survival of the animals that died from the effects ot the 
dye injected, as all animals subjected to the high doses died cither within a few hours (3 
within two hours) or within periods up to fourteen days, while in the majority of the animals 
given the low doses that died death was much delayed 

The cats which died within two hours after the injection of the dye solution showed a 
blue discoloration of the entire organism including the skin, the subcutaneous tissue, the oral 
mucous membranes, the gastrointestinal tiact, the liver, the spleen, the lymph nodes, the pan- 
creas, the adrenal glands, the kidneys, the bladder, the heart, the periaortic connective tissue, 
the meninges, the lungs and the gray mattei of the bram, the white matter of the brain 
was unstained The blood serum and the saliva were also blue There was no dye m the 
bile or the mine 
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Similar observations were made on the animals which died within two to fourteen days 
The internal organs had still a distinctly blue color The gray matter of the bram was blue 
in some animals, in others it was unstained, whereas in a third group a bluish tracing 
corresponding to the cerebral vascular network was visible The choroid plexus was blue 
The thymus, the uterus and the ovaries, as well as the cartilage of the ribs, were deep blue 
The lungs of several animals were edematous There was a hemorrhagic exudate in the 
pleural cavities of 2 animals One of these had also a greenish ascitic fluid Another animal 
had extensive subepicardial hemorrhages involving especially the apex and the region of the 
left ventricle 

In the third group, with delayed death (six to ten weeks), the skin, particularly that of 
the ears, and the visible mucous membranes were still distinctly blue, as were most of the 



Table 1 — Death and Survival Rates of Cats Gwen an Intravenous Injection 

of T-1824 Solution 


Dose per kilogram 

1 ec 

3 cc 

5 cc 

10 ce 

20 40 cc 

1 Death in 1 to 24 hours 

0 

0 

0 

25% 

50% 

£ Death in 1 to 2 weeks 

0 

0 

23% 

75% 

50% 

3 Death in G to 10 weeks 

33% 

50% 

2o% 

0 

0 

4 Survival 

GG% 

e>0% 

50% 

0 

0 

Total number ot animals 

3 

6 

4 

4 

4 


internal organs The lung of one cat was edematous and hemorrhagic and that of a second 
W'as collapsed and brownish Hemopericardium and hemorrhages into the ventricular wall 
were observed m one of these cats, w r hile in a second fibrinous pericarditis was found 
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Of the 5 cats which were killed six months after the injection, 3 re\ealed no traces of 
the dye, 1 showed a greenish cast to the liver, while in the fifth cat the pituitarj gland, the 
ovaries and the periaortic fat tissues were still distinctly blue, and the liver, the renal cortex, 
the gastrointestinal tract and the adrenal glands had a greenish cast The cars were green- 
blue, and the claws were greenish at the base 

The histologic examination of the organs of 4 cats which died one to ten weeks after the 
injection of the dye showed in all instances moderate to severe damage of liver cells ranging 
from severe edema and congestion to marked vacuolation with partial disintegration and com- 
plete absence of nuclei (fig 2) The tubular epithelium of the kidney was highly vacuolated 
Hemorrhages and small necroses or abscesses were present in the myocardium of 2 cats 
The brain showed a loss of nuclei in large ganglion cells and Ivsis of the Nissl substance in 
centers of the medulla oblongata The other organs were essential!} normal Similar but 



Fig 3 — Swelling and cellular proliferation in a mjocardial arterv 
Table 2 — Death and Survizal Rates of Rabbits Given an Intravenous Injection of T-1824 


Dose per kilogram 
Death in t to 24 hours 
2 to 14 dajs 
2 weeks to 3 months 

Surrii nl 

Total number of animals 


less extensive and advanced hepatic, rein! and cardiac lesions were found in 2 of the 5 cats 
killed six months after the injection of the dve The organs oi the other 2 animals oi this 
group were normal 


1 cc 

3 CC 

5 cc 

10 cc. 

0 

117- 

0 

0 

127c 



507. 

SST C 



0 

507 

ZC*~c 


507 

S 

0 

c 

4 




Fig 4 — Extensive hyaline deposition in glomerular tufts 



Fig 5 — Considerable atrophy of the seminiferous tubules with lymphocytic infiltration and 
congestion of the interstitial tissue 
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Intiavenous Injection of Dye T-1824 into Rabbits — Twenty -seven rabbits "were given an 
intravenous injection of a 0 5 per cent Evans blue solution Histologic examinations were 
made of the organs of 9 of these rabbits Eight rabbits recened 1 cc per kilogram, 9 rabbits 

3 cc , 6 rabbits 5 cc and 4 rabbits 10 cc The dye was not demonstrably excreted in an 
unchanged form in the urine and the feces The toxicity of the dye to rabbits is illustrated 
in table 2, which gives the death rates and survival times 

The relation between the dose of dye administered, on the one hand, and the mortality 
rate and the survival time, on the other, is not quite as clearcut as in the cats Nevertheless, 
the series receiving 10 cc per kilogram showed the highest number of earl}, fatal reactions 

Of the rabbits given 3 cc per kilogram, those which died within two hours after the 
injection showed at autopsy a large cheesy abscess in the mediastinum, invoking the peri- 
cardial sac The internal organs as well as the skin and the mucous membranes were deeply 
blue Death evidently was caused by an aggravation of the existing circulators disturbances 
ensuing from the injection of the dye 

The rabbits which died within two to fourteen days after the administration of the dv e 
had intensely blue internal organs, skm and mucous membranes The brain was unstained, 
the meninges were blue The lungs were congested and edematous and in some rabbits 
show'ed hemorrhagic areas or were surrounded by fibrinous pleurisy The left side of the 
heart W'as contracted, and the right, which w'as discolored bluish, was dilated The axillary 
and auricular lymph nodes w'ere blue, as w'ere the liver, the stomach, the intestine, the spleen, 
the adrenal glands, the kidneys, the blood vessels and the cartilage of the ribs The testes 
W’ere small, flabby and deep blue 

In the group of 7 rabbits w'luch died tw'O weeks to three months after the injection 3 
showed at autopsy a cheesy abscess in the mediastinum, involving the pericardial sac or the 
lung The lungs were congested and showed hemorrhagic areas The renal cortex was 
slightly blue or slate blue The liver w’as turbid and slightly blue in 2 rabbits, as was the 
cartilage of the ribs, the aorta, the spleen and the intestine The testes of one of these 2 
rabbits were distinctly blue The other organs w’ere of normal color and appearance 

In the group of 10 rabbits which W'ere killed fhe to eleven months after the injection 
1 exhibited slightly bluish skm and mucous membranes, while m 2 others the upper incisor 
teeth w’ere distinctly blue The testes w'ere recorded as small and flabby in 2 rabbits All 
other organs w'ere grossly normal 

The histologic changes observed in the organs of these various groups were similar to 
those recorded for the corresponding groups of cats The animals which died two da\s or 
more after the injection show’ed a loss of the nuclei m large ganglion cells of the brain stem 
and the medulla oblongata, associated w'lth lysis of the Nissl substance In several instances 
small accumulations of glia cells w’ere noticed The lungs were often edematous and con- 
gested and contained hemorrhagic areas In 2 instances there was a concentric fibrous 
thickening of the intima of the larger and medium-sized mtrapulmonar\ branches of the pul- 
monary artery Small myocardial necroses or hyaline degenerations, together with fibrous 
scars and swelling and cellular proliferation in the wall of myocardial arteries, occurred m 
several animals (fig 3) The liver often exhibited edema, congestion and sometimes degen- 
eration or necrosis of liver cells The renal tubules were usualh more or less degenerated 
In 2 rabbits there was marked hyaline thickening of the glomerular septums with degenera- 
tion of the cellular elements, while the distended cortical tubular lumens contained large 
albuminous casts (fig 4) Similar hyaline deposits forming coarse networks in and around 
the follicles were present m the spleens of these animals The testicular tubules of the 

4 male labbits of this group showed varying degrees of degenerative changes These con- 
sisted of extensive atrophv of the seminiferous epithelium with collapse oi the tubules, which 
were lined in such instances onlv bv spermatogonia and Sertoli s cells, and in 2 instances, 
of a hyaline thickening of the basement membrane surrounding almost obliterated, emptv 
lumens (fig 5) The interstitial tissue was increased in amount in 2 instances and con 
gested m 2 others 

Intiavenous Injection of Die T-1S24 into Rats — 4. 0 5 per cent solution oi T-1S24 v a- 
injected into the tail vein m 20 rats Tive of these rats received 1 cc pel kilogram, 5 rats 

3 cc , 5 rats 5 cc and 5 rats 10 cc None of the rats oi the fir-t two group- died as the 

result of the treatment These rats were killed five to six month- later Of the 5 animals 

belonging to the third group (5 ce per kilogram), 1 died one month alter tlx injec'oi 

while 2 of the fourth group died within three month- alter the administration oi the u\e 
The survivors weie killed six months later The rat- tolerated the dve withoit anv appare" 
immediate untoward effect and showed increase m weight during the ob-erva'ioi perm’ c »" t 
to six months 
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The autopsy of the animals which died showed a blue subcutaneous tissue, particularly 
in the tail, and definitely blue internal organs Particularly the testes and epididj nudes 
were distinctly blue The lungs were hemorrhagic The glandular part of the gastric mucosa 
was blue, while the squamous cell portion was unstained The brain showed bluish spots 
only within the vascular network The postmortem examination of the rats which were 
killed often revealed the testes and epididymides to be colored blue or gieen The adrenal 
glands sometimes had a bluish cast 

The histologic examination of the organs of the rats which died from the toxic action of 
the dye disclosed congestion of and hemorrhages into the brain, which were occasionally 
associated with pyknosis of Purkinje’s cells The lungs were edematous and congested and 
contained hemorrhagic or pneumonic foci The pulmonary arterioles of one rat had swollen 
and partly hyaline walls There was often congestion or even interstitial edema of the 
myocardium, which was accompanied in one instance by a scanty accumulation of leukocytes, 
while m a second case purulent pericarditis was found The aorta was normal The liver 



Fig 6 — Complete degeneration of the epithelium of the seminiferous tubules with massive 
calcium concretions in the emptj tubular lumens 


usually showed congestion and some degree of liver cell degeneration The seminiferous 
epithelium of the testes was desquamated and atrophic in several instances and contained 
multinucleated giant cells 

The organs of the rats which were killed were m general normal with the exception of 
the testes In about 50 per cent of the 14 examined rats these exhibited more or less severe 
degenerative lesions of the epithelium of some, many or all of the seminiferous tubules, such 
as almost complete loss of the cellular lining, collapse of the tubules with hyaline thickening 
of the basement membrane, large and numerous calcium concretions in the lumens and once in 
the vascular walls (fig 6) 

Inasmuch as these testicular lesions were of definite interest, especially as they appeared 
as early and late manifestations m testes which had retained an appreciable amount of dye 
over a period of five to six weeks and were found in dogs, rabbits and rats, 25 male rats, 
4 months old, were given two intraperitoneal injections of 1 cc of a 1 per cent dye solution 
There was an interval of three days between the two administrations Seventeen of the rats 
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died within fourteen days, and the 8 survivors were then killed The organs, including the 
testes, were deep blue m all animals The histologic examination of the testes of these 25 
rats showed that 43 per cent had a degenerative testicular lesion, which was moderate to 
severe in 23 per cent of the 25 rats, indicating that an actual toxic effect of the dje was 
present, as testicular degenerations occur spontaneously only relatively rarely m rats "of this 
age and are then usually of minor degree (Hueper) 

COMMENT 

The experiments indicate that the minimal lethal dose of T-1824 given as a 
single intravenous dose of a 0 5 per cent solution is 10 cc per kilogram for dogs and 
cats The dose is apparently somewhat higher for rabbits, as only 50 per cent 
of the rabbits died after the intravenous injection of 10 cc per 1-ilogram, and is 
evidently still higher for rats, of which 40 per cent died after such a dose It is 
characteristic for the action of the dye that, because of its prolonged letention in 
the various organs, it may cause death after a delay of several weeks or even months 
This observation is of importance m adjudging the toxic qualities of the dye, 
as the claim has been made that even large amounts of the dye are not toxic ( Gibson 
and Gregersen 5 , Price and Longmire 3e ) The immediate toxic effects after intra- 
venous injection of the dye consist of vomiting, diarrhea and piostration The 
demonstrable excretion of the dye with the urine and the feces ceased two to foui 
days after the injection While Price and Longmire 30 demonstrated its presence 
in the bile of dogs, none was found in the bile of the cats studied 

Among the vitally important organs the heart, the liver and the lungs are 
the most severely damaged and show cellular degenerations and necroses, usually 
in association with increased vascular permeability (edema, hemorrhage, cellular 
exudation) Less extensive injury is present m the brain and the renal tubules 
Among the significant acute as well as chronic lesions degenerative changes of the 
spermatogemc epithelium of the testicular tubules is a common and striking feature 
It may be possible also that the hyaline deposits found m the glomeruli and spleens 
of several rabbits are related to some interaction of the dye with plasma proteins, 
as Rawson 2 has shown that eight dye molecules combine with one serum albumin 
molecule and thereby evidently change its size, shape and diffusibility Gregersen 
and Rawson 1 stated that the dye-serum albumin combination diffuses from the 
blood stieam at approximately the same rate as antibody globulin and maintains 
this bond w hen present m the tissue fluids Whether or not the degenerative medial 
and sclerotic intimal changes found in the aorta and the pulmonary arterial 
blanches of some of the dogs, rabbits and rats are connected with such a plasma 
protein disturbance remains uncertain but not improbable 

SUMMARY AND CONCLUSIONS 

The dye T-1824 (Evans blue) exerts a lethal effect on dogs and cats when 
mtioduced intravenously as a 0 5 per cent aqueous solution in amounts of 10 cc 
per kilogram The injection of smaller doses by this route (3 cc and 5 cc per 
kilogi am) may cause delayed death in some of the animals thus treated 
The mortality rate and the survival time are a function of the dose 
Death occurring several weeks to months after the introduction of doses not 
causing acute death (within one to two days) is related to the prolonged retention 
of appreciable amounts of the dje in the tissues of -various organs, particular!} 
the testis, the epididymis, the adrenal glands, the liver, the kidnevs, the periaortic 
conncctn e tissue, the teeth and cartilage) 

5 Gibson, T G, and Gregersen, M Toxicity of Two Vital Dies Iked in Plasma 
Volume Determinations, -\m J Plnsiol 113 50, 1935 
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The heart, the liver, the lungs and the testes show the most marked degenerative 
effect of the dye, while the brain and the kidneys exhibit less severe regressive 
lesions, the development of which is associated with increased vascular permeability 
The clinical administration of the dye in amounts of 5 cc of a 0 5 per cent or 1 
per cent solution to the individual patient is apparently a safe procedure However, 
the occurrence of late fatalities among animals given 1 cc per kilogram of a 0 5 pei 
cent solution is an indication that caution should be exercised with the repeated 
administration of this dye to human beings so as to avoid possible toxic effects 

113 West Eighteenth Street , 



THE GOITER HEART 

AN EXPERIMENTAL STUD\ 

C ALEXANDER HELLWIG, MD 

WICniTA, KA\ 

While it is generally believed that cardiac distm bailees in patients with goiter 
aie caused by hyperthyroidism attention has been called recenth to heart disease 
in goitrous patients who do not present symptoms ot increased thyioid function 
Davison 1 designated this condition as “masked hyperthyroidism ” He assumed 
that adenomas are for yeais spilling over into the circulation toxic products which 
though not sufficient to produce an increase of the basal metabolic rate at an) time, 
cause low grade toxemia which ultimately produces heart disease 

Hertzler, 2 on the other hand, denied that cardiac disturbances in patients with 
long-standing goiter aie due to hyperthyroidism and expressed the belief that 
the colloid in old goiters degenerates and forms a substance which when resorbed 
acts specifically on the heart muscle He found that this degenerated colloid stains 
orange with Mallory’s aniline blue method in contrast to the blue-stained colloid in 
exophthalmic goiter 

Schmidt 3 demonstrated in the colloid of degenerated goiters an organic lodine- 
containing substance other than thyroxin and by injecting extracts of goiters into 
thyroidectonuzed rats he produced an increase in the heart rate without a cor- 
responding increase in the basal metabolic rate 

In regard to these recent studies it is w^ell to remember that the conception of 
goiter heart originated more than one hundred years ago in Alpine countries where 
toxic goiter is extremely raie (Adelmann, 1 1828) It was in Tjrol, Austria, where 
Schranz G in 1887 formulated the often quoted sentence “The ultimate fate of the 
patient with goiter depends on his heart He dies of myocardial degeneration ” 

In Aarau, Switzerland, where exophthalmic goiter w r as observed m less than 
5 per cent of the cases in which goiter had been treated surgically, Bircher 0 
encounteied caidiac complications m 70 per cent of his surgicall) treated goitrous 
patients For goiter heart without hyperthyroidism no satisfactor) explanation has 
been found Neithei the theory of “mechanical goiter heart,” which explains the 
cardiac symptoms by pressure of the goiter on the trachea large blood -vessels or 
the vagosympathetic nerves, nor the theory of “torpid goiter heart,” which makes 
hypofunction of the enlarged thyroid gland responsible, lias found general approv al 
(Crotti 7 ) All investigators seem to have agreed only on one point, nameh, that 

rrom the Department of Pathologv, St Trancis Hospital 

1 Davison, T C Thyroid Surgcrj m Cardiac Patients, South Surgeon 3 103 1934 

2 Hertzler, A E Surgical Pathologv of the Tlnroid Gland Philadelphia, J B Lippin 
cott Compam, 1936, p 130 

3 Schmidt, C R, and Hertzler, A E Cardioloxic Goiter A. Distinct Entitv, Endo 
crinology 31 684, 1942 

4 Adelmann Bcitrage zur Pathologie dcs Herzens, der Sclnlddru-.e und des Gthirm 
Jahrb d phi 1 -Med Gesellsch zu Wurzburg 1 104, 182S 

5 Schranz, T Bcitrage zur Theorie des Kropfcs, \rch f hhn Chir 34 91 1SS6-18?" 

6 Bircher, E Bcitrage zur Kropffragc II Die to\ische Struma (Kropflicrz i "d 
Jodbascdow), Beitr z hhn Chir 141 SSO, 1927 

7 Crotti, A Diseases of the Tlnroid Paratln roul- and Tin in l* Philadelphia lea L 
rebiger, 1938 p 676 
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there is no anatomic t)pe of goiter which predisposes to cardiac complications 
Diffuse as well as nodulai, parenchymatous as well as colloid, cancerous as well as 
noncancerous goiter has been found associated with goiter heart (Wegelin s ) 

In contradistinction to the great number of clinical observers who have reported 
on goitei heart, experimental pathologists have contributed little to this interesting 
subject During the last twenty j ears no papei on the heart in expenmental goiter 
without hyperthyroidism has appeared m the literature 


EXPERIMENTAL DATA 

My experiments were begun on Aug IS, 1942 Seventeen male and 13 female white rats 
of the Wistar strain, 3 yi months old, were divided into three groups Each group was 
* 

Tablf 1- — Data Showing no Correlation of Weight of Heart ivith Sice of Thyroid Gland 


Heart Relat!\e Size of Thyroid Gland, Mm 

Weight Weight Heart , * , 

Rat Sex Gm Gm Weight Left Lobe Right Lobe 


Experimental Group l yellow Corn and Oats Pure Water 


1 

M 

390 

1 710 

4 4 

6 5 by 2 5 

8 by 4 

2 

M 

298 

1365 

4 b 

6 by 3 5 

6 by 4 

3 

M 

278 

1 250 

4 5 

4 bj 2 5 

4 by 3 

4 

M 

338 

1 320 

39 

6 5 by 3 5 

6 5 by 3 

5 

M 

278 

1 050 

38 

5 by 2 5 

5 by 3 

6 

M 

278 

1400 

52 

5 by 2 5 

4 by 3 

7 

M 

320 

1770 

o 5 

6 by 3 

6 5 by 3 

8 

E 

314 

1 140 

51 

5 bj 3 

5 by 3 

9 

M 

314 

1300 

4 1 

4 5 by 2 5 

4 5 by 2 5 

10 

M 

344 

1500 

4 4 

6 bj 2 5 

6 by 3 

11 

F 

298 

1 370 

46 

5 5 by 3 

5 5 by 3 

Experimental Group 2 

Yellow 

Corn and Oats 

l per Cent 

Solution of Calcium 

Chloride 

1 

M 

270 

1 190 

4 4 

5 5 by 4 

5 5 by 4 

2 

F 

212 

1210 

57 

4 5 bj 2 

5 5 by 2 

3 

M 

306 

1280 

4 2 

5 by 3 

6 5 by 3 

4 

F 

230 

1230 

5 4 

6 bj 3 

7 by 4 

6 

M 

310 

1 460 

47 

6 by 2 5 

5 5 by 3 5 

6 

F 

222 

1 355 

61 

7 by 3 

7 by 4 

7 

F 

290 

1390 

48 

5 by 3 

5 by 4 

8 

M 

296 

1 62a 

55 

5 by 3 

5 by 4 

9 

F 

238 

1 075 

4 5 

6 by 3 5 

6 by 3 

10 

F 

180 

1317 

57 

6 5 by 2 

6 bj3 


Control Group Ilalanced Diet of Purina Chou 

and Pure Water 


1 

M 

184 

1 010 

54 

5 by 2 

6 by 2 

2 

F 

264 

1 110 

4 2 

3 by 2 

4 by 2 

3 

F 

210 

1 070 

51 

5 b> 2 

4 by 2 5 

4 

M 

366 

1 520 

4 2 

5 by 2 

5 by 3 

5 

M 

400 

1750 

4 4 

5 by 3 

5 by 3 

6 

F 

246 

1 100 

4 5 

3 5 by 2 5 

4 by 2 

7 

M 

400 

1 610 

40 

5 by 3 

5 by 3 

8 

F 

324 

1 370 

4 2 

5 by 3 

4 by 3 

9 

F 

250 

1 155 

4 6 

4 bj 2 5 

5 by 4 


housed m a Dormer cage with floors ol mesh wire and without bedding material The first 
group, consisting of 9 males and 2 females, received the goitrogenic diet of Wegelin, 0 i e 
a mash of cornmeal and rolled oats boiled in watei As drinking water, pure well water 
was given The food was freshlj prepared every day The second group, consisting of 5 
males and 5 females, was fed the same diet, however, as drinking water, a 1 per cent solu 
tion of calcium chloride was given The high goitrogenic effect of this calcium-rich intake 
had been demonstrated in several earlier experiments 8 9 10 Tour males and 5 females were 

8 Wegelin, C Schilddruse, in Henke, F , and Lubarsch, O Handbuch der speziellen 
pathologischen Anatomie und Histologie, Berlin, Julius Springer, 1926, p 426 

9 Wegelm, C Zur experimentellen Kropfforschung, Schweiz med Wchnschr 57 848, 

1927 

10 Hellwig, C A Experimental Goiter Due to Calcium, Arch Surg 40 98 (Jan) 1940 
Experimental Goiter Functional, Chemical and Histologic Studies, Arch Path 19 364 (March) 
1935 
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kept as conti ols and receded a well bal meed stock diet of Purina io\ checkers 101 and pure 
drinking water 

The rats of all three groups remained in excellent health throughout the experiment, and 
no death occurred During the four months of observation 69 rats were born m the three 
cages, namely, 14 in the first, 23 in the second and 31 in the control colonv The newborn 
animals were killed with chloroform immediately after birth and preserved m 4 per cent 
solution of formaldehyde for further study 

The feeding experiment was continued for one hundred and twentj-six davs Then the 
30 adult animals were killed with chloroform and immediately examined After the bodv 
weight had been determined, complete dissections were made of each animal The heart was 
removed by cutting the great vessels at a constant level All the blood contained in the 
cardiac chambers was allowed to drain out, and then the heart was weighed 1 he tin roid 
gland was removed together with the trachea, and the measurements of both lobes were 
taken The organs were at once placed in 4 per cent solution of formaldelndc Paraffin 
sections were made from the thyroid glands and hearts of all animals, md different staining 
methods were emploved From the hearts frozen sections were also made and stained for lipoid 
with sudan 



Fig 1 — Normal thvroid gland of a white rat of the control group Note the large colloid 
filled acini 


R1 SULTS 

Thy) oui — From table 1 it is evident that the animals ol gioups 1 and 2 had 
definite goiters and that the thvroid glands of the control group were normal 1 he 
calcium-rich intake of the second group was de firm eh more goitrogenic than the 
pure water and the Wegelin diet consisting of cornmeal md oats While in 
the conti ols the average length of one lobe of the tlnroid gland was 4 4 mm 6 rats 
of the second group lnd a length exceeding 5 mm and the average vv is 5 5 mm 

10a Puiina fox checkers contains crude protein not less than 20 crude let not le ' than 3 
crude fiber not more than 6, ash 8 5 per cent nitrogen-free extract not less titan -9 The 
ingredients arc wheat germ dried shimmed milk animal liver meal brewers’ dried veot 
barlcv malt, fish meal, meat meal alfalfa meal corn grits, sovbean oil meal cereal feed (trcri 
corn and wheat) molasses, dried beet pulp riboflavin supplement vitinnn \ aid D te-co "g 
oils 1 per edit steamed bone meal and 1 per cent iodized salt It is main etired l>v V r - i 
Mills Ralston Purina Compam St I onis 
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In the group with a calcium-rich intake 7 lats had lobes measuring moie than 
5 mm , the average being 5 7 mm 

Microscopic examination showed in the controls, as a mle, large acmi with low 
cuboidal epithelium and with well stained colloid The blood vessels were not 



Tig 2 — A, experimental goiter in a white rat of group 1 following a diet of yellow corn 
and oats and pure well water Note moderate hyperplasia B, experimental goiter in a 
white rat of group 2 following the same diet and, as drinking water, a 1 per cent solution 
of calcium chloride Note marked hyperplasia 

conspicuous (fig 1) Of the animals receiving the Wegehn diet, 2 showed marked 
and 9 moderate epithelial hyperplasia (fig 2 A), 'while in the group with a calcium 
solution as its drinking tvater 6 had marked (fig 2 B) and 4 moderate hyper- 
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plastic changes The epithelium m the experimental goiters Mas high cuboidal 
the acini were small and contained eithei unstained or scantv fine granular colloid 
The blood vessels were, as a rule, engorged with red blood cells The gross and 
microscopic changes of these experimental goiters were identical with those tound 
in former experiments 10 The function of the parench) matous goiters pro\ed to 
be slightly less than noimal, and there was no chemical or metabolic evidence 01 
hyperthyroidism These goiters therefore resembled in structure and function 
the endemic goiter found m countries of high endenucitv 1 e Swit7erland the 
Himalayas and the Pyrenees 

Heait — In the control group the weight of the heart ranged trom 1 010 to 
1 750 Gm , the average being 1 268 Gm In the first experimental group the heart 


Tabu- 

2 — Micioscoptc Changes tn Thyroid Glands and 

II earls nj I! hih 

Rats 




Heart 



'thyroid Gland 



* . 

• .■ . - 


Epithelial 

Ly mphocytlc 

Hyaline 


Rat 

Hyperplasia 

Infiltration 

Degeneration 

Soar. 


Group l 



1 

Moderate 

Present 

Present 

Present 

o 

M cried 

Present 

Absent 

Present 

3 

Moderate 

Present 

Absent 

Absent 

4 

Moderate 

Ab'cnt 

Vb'ent 

Ab'cnt 

5 

Moderate 

Present 

Ab'cnt 

Ab'ent 

G 

Moderate 

Present 

Present 

Absent 

7 

Moderate 

Present 

Present 

Present 

s 

Moderate 

Present 

Absent 

Absent 

9 

Moderate 

Present 

Ab'ent 

Vbsent 

10 

M cried 

Present 

\b c ent 

Ab'ent 

11 

Moderate 

Pre ent 

Vbsent 

Vb'ent 


Group 2 



1 

Marked 

Present 

Ab'cnt 

Vb'ent 

2 

Moderate 

Present 

Ab'ent 

Ab'cnt 

*> 

Marked 

Present 

Ab'ent 

Absent 

4 

Marked 

Present 

Absent 

Absent 

r > 

Marked 

Present 

Ab'ent 

Vbsent 

G 

Moderate 

Present 

Absent 

Ab'ent 

7 

Marked 

Present 

Present 

Present 

s 

Moderate 

Vb'ent 

Absent 

Ab'ent 

9 

Moderate 

Present 

Vbsent 

Absent 

10 

Marked 

Absent 

Vb'ent 

Vb'ent 


Group 3 

(Controls) 



3 

Ab'cnt 

Present 

Vb'cnt 

Absent 

o 

Absent 

Present 

Ab'ent 

Ab'ent 

3 

Absent 

Prc'cnt 

Vb'ent 

Absent 

4 

Absent 

Present 

Ab'ent 

Present 

5 

Absent 

Present 

Ab'ent 

Ab'cnt 

n 

Ab'ent 

Present 

Vb'ent 

Vb'ent 

7 

Ab'cnt 

Present 

Vb'ent 

Vb'ent 

K 

Vbsent 

Present 

Vb'ent 

Absent 

<1 

Absent 

Present 

Vb'ent 

Absent 


weight was between 1 050 and 1 770 Gm , with an average ot 1 380 Gm In the 
group with calcium-enriched dunking water the heart weight varied from 1 075 
to 1 625 Gm , and its mean was 1 317 Gm 

Since in the experimental groups the bodv weight varied greatlv, from 140 to 
400 Gm , the absolute heart weight was much less significant than the heart weight 
in relation to the body weight The ratio ot the heart weight to the bodv weight 
was obtained bv dividing the bodv weight into the heart weight modified in an 
appropriate shift of the decimal point (1,000 X ) q he heart-bodv 

weight ratio of the animals ot the first group was on the average 4 6, that of the 
gioup with calcium added to the drinking water was 5 05 and that oi the controls 
was 4 5 Thus it is evident that the second experimental group of animals v ith 
the high calcium intake, showed a definite increase in the relative heart weight 
In the fust group the let! wall of the heart measured on the average 3 8 mm n 
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thickness , m the second, 4 4, and m the control group, 3 5 nun The w all of 
the right ventricle measuied 1 5, 1 1 and 13 mm, lespectively Therefore only 
in the calcium group was an increase in muscle substance of the left ventricle 
noticed There was no correlation between lelative heait weight and si/e or degree 
of hyperplasia of the thyroid gland 



Tig 3 — A groups of hmphocvtes in heart muscle of a goitious rat B, joung scar m 
the nnocardium of a goitrous rat 

The microscopic changes in the cardiac sections v Inch included both venti ides, 
the septum both atuums and the ougin of the great blood tessels, are summarized 
in table 2 

In the neighboi hood ot small blood tesseh of the in) ocartlium small groups of 
l)mphoc\tes weie frequent!} encountered (fig 3 A) In the same location two or 
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three deep-staining polygonal cells the so-called mast cells, were also found m 
several cases In the myocardium of 1 animal of the control group eosinophilic 
cells were noticed Anothei place of predilection for groups of hmphocttes was 
the connective tissue between the myocardium and the great blood vessels 



I'ig 4 — 1, In aline degeneration of nuncio fibers in the heart of a goitrous rat B 
pernascular group of ljniphocetcs and nnst cells in the heart of a control animal 

These lymphocxtic gioups m the maocauhum were obsereed as often in the 
expenmental animals of groups 1 and 2 as in the controls Small scars m the 
myocardium were obsened twice in the first group and once m the second, and 
a )Oung seal with mam fibroblasts was present m 1 animal ot the control group 
(fig 3 B) Focal degenuatum ot muscle fibeis (fig 4 1) with formation of 
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vacuoles m the sarcoplasm was found in 3 rats of the first group and in 1 animal 
ot the group with calcium in the drinking water Surprisingly enough, there was 
no difference m the occunence of lymphocytic mfiltiation or scar formation between 
the animals with ana those without goiter Therefore the hyperplastic changes in 
the thyroid glands themselves cannot be held responsible for these histologic changes 
in the hearts Since the animals of all groups showed identical myocardial lesions, 
it seems plausible that mild intercurrent infections, which are common m white 
rats, weie the reason for them 

COMMENT 

In 1911, Bircher 11 reported cardiac lesions in white rats in which large goiters 
had developed after these rats received water from a region in which goiter was 
endemic Almost all of his experimental animals showed great enlargement of 
the heart with hypertrophy of the left ventricle and dilatation of the right ventricle 
Microscopic study revealed m 22 of his 30 experimental animals fragmentation, 
cloudy swelling and fatty degeneration of the cardiac muscle fibers There was 
also interstitial infiltration of the myocardium by leukocytes , in the late stages there 
was scar formation Bircher did not find any correlation between these lesions 
of the heart and the size or the structure of the experimental goiters He therefore 
concluded that the mflammatoiy and degenerative changes m the heart were due 
not to a direct effect of increased or perverted thyroid secretion but to an unknown 
goitrogenic agent which caused the enlargement of the thyroid gland and at the 
same time damaged the heart muscle In Bircher’s opinion, goiter heart in regions 
m which goiter is endemic is one of the manifestations of the cretinoid degeneration 
and may occur either alone or combined with other signs of this constitutional dis- 
order namely, endemic goiter, endemic deafness and endemic idiotism 

The only other investigator who studied the heart in animals with experimental 
goiter was Wegelin 8 He also observed enlargement of the heart m goitrous white 
rats due either to dilatation of the cardiac chambers oi to muscular hypertrophy 
His histologic observations in the enlarged hearts were mostly negative Only 
m 3 of his 14 goitrous animals were small groups of lymphocytes and fibroblasts 
present in the myocardium In one heart Wegelin found a distinct scar and in 
another vacuoles in the sarcoplasm Wegelin concluded from these findings that 
simple endemic goiter has no toxic effect on the heart muscle 

My own experiments show that the myocardial changes described by Bircher 
occur frequently m the hearts of goitrous animals without hyperthyroidism How- 
ever they are present as often in white rats without goiter Therefore they cannot 
be attributed to some toxic action of the goiter on the myocardium 

The hypertrophy of the left ventricle which developed m the goitrous animals 
given a calcium-rich water but not in the goitrous animals whose intake of food 
and water was calcium poor suggests excess of calcium as the causative factor 
Two possible explanations present themselves Chambers and Rezmkoff 12 demon- 
strated that calcium chloride increases the viscosity of protein emulsions, and it 
is reasonable to assume that an excess of calcium in the experimental intake 
increased the viscosity of the blood plasm so that greatei resistance was offered 
to the heart in circulating the blood Secondly, it is well known (Howell 13 ) that 

11 Bircher, E Weitere histologische Befunde bei durch Wasser erzeugten Rattcnstru 
men und Kropfherzen, Deutsche Ztschr f Chir 112 368, 1911 

12 Chambers and Rezmkoff, cited b> West, E S Physical Chemistry for Students 
of Biochemstry and Medicine, New York, The Macmillan Company, 1942, p 278 

13 Howell W H 4. Textbook of Phjsiologi, ed 14, Philadelphia, W B Saunders 
Compam, 1940, p 570 
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calcium causes more forceful contractions of the heart muscle Both of these 
pharmacologic effects of calcium may pioduce work In pertroph) of the left 
ventricle If one accepts a direct effect of the positrve goitrogenic factor — calcium 
excess — on the heart as the cause of goiter heart, which manifests itself as left 
ventricular strain, it is easily understood that there is no anatomic type of goiter 
which piedisposes to cardiac complications 

SUMMARY AND CONCLUSIONS 

In experimental studies planned to deteimine whethei anatomic changes can 
be demonstrated in the heaits of animals with simple goiter, no histologic changes 
were found in the hearts of goitious animals which would suggest a direct toxic 
effect of goiter on the myocardium Lymphocytic infiltration, degeneration of 
muscle fibers and scar formation weie common in the hearts of the experimental 
animals, but since they were as often encountered in the hearts of the nongoitious 
controls, they have to be explained by causes which weie active m all three groups, 
possibly some intercurrent infection 

The only positive anatomic finding was a significant h) pertroph) of the left 
ventricle in the animals which recened a calcium-rich diet This observation 
suggests that left ventricular strain in endemic goiter may be due to a direct effect 
exerted on the heart muscle hy the same factoi which is responsible for the develop- 
ment of goiter — for instance, an excess of calcium m the food 

The results of my experiments are in accord with the experience of most 
observers that there is no anatomic type of endemic goiter which predisposes to 
cardiac complications 



HYPOPROTEINEMIA 

THE CLINICAL RELATIONSHIP Or PROTEINS AND THE PROTEIN METABOLISM 
TO THERAPY WITH SPECIAL REFERENCE TO SURGERY 

\BRAHAM O WILENSKY, MD 

NEW YORK 

This communication will concern itself with the mci easing clinical importance 
of the proteins and protein metabolism in medicine, especially in surgery, and the 
relationship of hypoproteinemia to apparent and to latent hepatic paienchymal dis- 
ease Necessarily it will include a review' of all of the available knowledge con- 
cerning this branch of normal physiology and of the aberrations of function which 
occur in disease It will indicate the extent to which these obtainable data can be 
used (1) m the corroboration of diagnoses, (2) in the possibility of estimating the 
degree and the extent of anatomic change, (3) in prognosis and (4) in the evalua- 
tion of the risk of contemplated operations Finally, it will include (5) criteria 
on which the newei therapeutic measures can be employed 

PROTEIN METABOLISM 

The importance of the quantity and the quality of dietary protein for the 
nitrogen requirements of the body and for the maintenance of good health has been 
repeatedly demonstrated In many cases variable interrelationships with othei 
dietary factors have been observed, but the reported experiences have emphasized 
nevertheless the numerous and often unsuspected ways in which the protein frac- 
tions are of importance to the body 

Formation and Stoiagc of Plasma Pioteins — The vast amount of expenmental 
work has not provided as clear a picture of the formation and the fate of the plasma 
proteins in the organism as one would like The cycle of the formation of plasma 
proteins l evolves around the liver from three standpoints production, storage and 
renewal Plasma fibrinogen and plasma albumin seem to be formed exclusively in 
the liver Plasma globulin is formed mainly m the liver but also to some extent by 
the reticuloendothelial system (Keri, Hurwitz and Whipple 1 ) After the ammo 
acids reach the liver by the portal vein from the intestinal tract, they are built partly 
into proteins and partly into plasma protein-building material A portion of this 
synthesized material is placed in physically undeinonstrable reserve stores of plasma 
proteins, distributed mainly in the liver and to a lesser extent in many other tissues 
The fully formed and fixed protein in the body cells is never available in time of 
stress or even otherwise for the formation of plasma proteins The dispensable 
reserves of proteins include a sufficient store which is instantly available for use and 
another supply which is less readily available, and both of these together are suf- 
ficient to form plasma proteins of a quantity equal to or greater than that usually 
present in the circulating blood All of this storage is a function of the liver, and 
there is evidence to show' that the albumin, globulin and fibrinogen fractions of 
plasma all form part of a single loosely bound protein system 

The various protein tractions of blood plasma are regeneiated during a period 
of fasting and after acute depletion, as in hemoirhage as w'ell as during the normal 

1 Kerr, W J , Hurwitz, S H, and Whipple, G H R< generation of Blood Protein' 
Am J Plnsiol 47 336, 370 and 379 1918 
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wear and tear of the tissues This was first observed by Moravvitz and was later 
studied by' other investigators, particularly Whipple and his associates During 
conditions of health and of “well being” proteins are present m human plasma to 
the extent of 6 5 to 7 5 Gm per hundred cubic centimeters, w ith albumin and 
globulin fractions in the ratio of about 1 6 to 1 

In conditions of health the blood plasma level of proteins bear an approxnnatelv 
constant relation to the fixed tissue protein supplies in the body During condi- 
tions of disease or undernourishment this proportion is kept up at the expense of 
the reserve supply, and although the protein relation of plasma to tissue may still 
be at a fairly normal average, the protein reserves ma\ be more or less depleted 
This was well illustrated m the following case 

Case 1 — A SO year old woman had a severe form of th> rotoxicosis (basal metabolic 
rate, + 75) She had moderate diarrhea and continuously lost weight even though the diet 
approached approximately 3,500 calories per day There was no doubt that the reserve supph 
of proteins was being diminished, and the total plasma protein lev el vv as 5 77 Gm per hun- 
dred cubic centimeters as determined by the falling drop method at a specific gravity of 
1 0243 


Renezval oj Plasma Proteins — The replacement ot the plasma pioteins takes 
place from two sources (1) exogenous — from ingested food — and (2) endogenous 
— from the reserve stores of plasma protein-building material Experimental 
investigations have indicated that not only the quantity but also the quality of 
the food proteins is of the utmost impoitance in the pioduction and the regeneration 
of the various plasma proteins 

The usual human diet contains varying amounts of protein from animal and 
vegetable sources The various animal and vegetable proteins differ in nutritive 
value, particularly m potential ammo acid content and in content of those indi- 
vidual ammo acids (valine and methionine) which have been proved indispensable 
The known ammo acids are 


A Essential 

1 Lysme 

2 Tryptophan 

3 Histidine 

4 Pheny lalaninc 

5 Leucine 

6 Isoleucine 

7 Threonine 
S Methionine 

9 V aline 

10 Arginine 


B Nonessential 

1 Glycine 

2 Alanine 

3 Serine 

4 Norleucine 

5 Aspartic acid 

6 Hy droxvglutamic acid 

7 Proline 

8 Hydroxy prohne 

9 Citrullme 

10 Tyrosine 

11 Glutamic acid 

12 Cv stine 


Ammo acids that cannot be svnthesized by the body are tyrosine, tryptophan 
lysine, crystine histidine aiginine and glutamic acid Deficiencv in even one of the 
annno acids that are essential foi the construction of tissues limits the value of a 
protein to the animal body A number of proteins occuinng m foods are deficient 
m one oi more of the essential amino acids For example diets which consist 
mostly of milk are insufficient for maintenance and growth since ev stine which 
cannot be synthesized bv the bodv is cntirelv lacking, gelatin llthough rich in 
glycine (an amino acid that mav lie synthesized bv the body ) does not contain 
tryptophan and valine (essential amino acids) or tvrosine and hv droxv glutamic 
acid, which are nonessential Ovalbumin also is lacking m several ammo acids 
The ammo acids in fish and meat measure up tavorablv with the requirements for 
noimal maintenance and growth Gcnerallv speaking animal proteins com mi dl 
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or nearly all of the essential amino acids, and vegetable proteins do not But one 
can obtain snnilai results and effects by supplementing the -vanous vegetable pio- 
teins with one anothei, with 01 without the addition of prepared ammo acids until 
the total amount is adequate Under such circumstances the animal proteins are 
not absolutely necessary Customarily, however, human beings prefer a diet con- 
taining a large amount (more than half) of the protein ingested from animal 
sources In any case the plasma proteins can be synthesized only if the body 
i eceives the proper mixture of ammo acids 

In the final analysis the customary and normal plasma protein level is dependent 
on the continued ingestion of material which can be utilized for the formation 
of new plasma pioteins Hypoproteinemia and edema due to malnutrition lllus- 
tiate this ultimate dependence of the plasma proteins, like other similar compounds 
in the body, on exogenous sources 

In the light of present evidence it seems, moreover, that plasma protein does 
not remain static after being elaborated but participates in a dynamic equilibrium 
with the reserve protein of the body, as suggested by Madden and Whipple, 2 and 
that the normal balance results from the continuous ebb and flow between the old 
and the new in the continuation of the normal metabolic activity 

Piotem Emichmcnt of the Live ; — Experimental evidence has accumulated 
(Pfluger 3 Seitz, 4 Addis and his co-workers 5 6 and others) regarding the importance 
of the protein enrichment of the liver which follows the administration of high 
protein diets This is associated not only with hypeiplasia or hypertrophy but 
also with an increase in the content of protein per unit weight of tissue Contrari- 
wise, the relative loss of protein during abstention from food is greatest for the 
liver The studies of Luck G show that all the hepatic proteins, including albumin, 
euglobuhn and pseudoglobuhn, participate equally in the process of storage 

Blood-Clotting Elements and Blood-Clotting Function — The blood-clotting ele- 
ments and the blood-clotting function are intimately bound up with the formation 
and the renewal of the plasma proteins Noimally the liver forms the fibrinogen 
fraction of the plasma proteins Fibrinogen is the soluble precursor of the insoluble 
fibrin The blood plasma normally contains about 250 mg per hundred cubic 
centimeters of fibrinogen This content varies under different circumstances, is 
apparently independent of the cellular content of the blood, corresponds propoi- 
tionally to the sedimentation rate of the red blood cells and is decreased by severe 
damage of the liver and a diet deficient in protein 

Normally, also, the liver originates the vitamin K principle (Smith and 
co-workers, 7 * 9 Warner, s Warren and Rhoads® and others) 

2 Madden, S C, and Whipple, G H Plasma Proteins Their Souice, Production 
and Utilization, Physiol Rev 20 194, 1940 

3 Pfluger, E Glykogen, Arch f d ges Physiol 96 1, 1903 

4 Seitz, E Die Leber als Vorrathskammcr fur Enveisstoffe, Arch f d ges Physiol 
111 309, 1906 

5 Addis, T , Lee, D D , Lew , W , and Poe, L J The Protein Content of the Organs 
and Tissues at Different Levels of Protein Consumption, J Nutrition 19 199, 1940 

6 Luck, T M Liver Proteins The Question of Protein Storage, T Biol Clieni 
115 491, 1936 

7 Smith, H P , Warner, E D , and Brinkhous, K M Prothrombin Deficiency and 
Bleeding Tendency m Liver Injun, (Chloroform Intoxication), J Exper Med 66 801, 1937 

S Warner, E D Plasma Prothrombin Effect of Partial Hepatectomy, J Exper Med 
68 831, 1938 

9 Warren, R, and Rhoads, J E Hepatic Origin of Plasma-Prothrombin Observations 
After Total Hcpatcctomv in Dog, Am J M Sc 190 193, 1939 
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The hepatic cell also forms prothrombin in the presence of adequate vitamin IC 
activity, and with thromboplastin and calcium it forms thrombin Aftei severe 
parenchymal damage the livei is unable to form prothrombin even v. hen sufficient 
vitamin K is available 

As a test of the functional capacity of the liver cell and indirectly of the degree 
and the location of the hepatic damage, these three factors and the blood-clotting 
function as a whole are becoming of increasingly large value for clinical purposes 
The fibrinogen and prothrombin levels (Wilson 10 ) in the blood plasma are used 
by themselves as indications of the piesence of hepatic damage (Quick 11 , Butt, Snell 
and Osterberg 12 , Bnnkhous and Warnei 13 , Stewart and Rourke 14 , Rhoads 13 ; 
Lucia and Aggeler 10 , Pohle and Stewart 17 Allen and Julian, 18 and others) 

According to Andrus, 19 in patients in whom the prothrombin activity of plasma 
is depressed below 80 per cent of the normal as the result of obstructive jaundice, 
a rise of more than 10 per cent will occui within fiom forty-eight to seventy -two 
hours after the intramuscular administration of 2 mg of 2 methyl-1, 4-naphtho- 
quinone (synthetic vitamin K) In patients with jaundice due to organic disease 
of the liver no such effect occurs, and in the absence of obstructive jaundice, 
biliary fistula or abnormal intestinal absorption the prothrombin level is an index 
of essential hepatic disease (Pohle and Stewart 17 ) Experimentally, the prothrom- 
bin level in the blood plasma falls rapidly after partial or total hepatectomy 
(Warnei 8 , Warren and Rhoads 9 , Andius, Lord and Moore 20 , Smith and 
co-workers 7 ) after chloroform intoxication (Smith and co-workeis 7 , Warner, 
Brmkhous and Smith 21 , Bnnkhous and Warnei 13 ) and after chronic hepatic injur} 
from carbon teti achlonde (Bollman, Butt and Snell 22 ) 

Andrus, Lord and Moore 20 made the obseivation which I have repeatedly 
made with regard to all tests of hepatic function, that these tests are of prognostic 
value only when a series of observations is made which shows the trend of the 
changed function A similar conclusion was made by Allen and Julian, 1S who 

10 Wilson, S J Quantitative Prothiombin and Hippuric Acid Determinations as Sen- 
sitive Reflections of Liver Damage in Humans, Proc Soc Exper Biol 6L Med 41 559, 1939 

11 Quick, A J Conjugation of Benzoic Acid with Glycine A Test of Lner Function 
Proc Soc Exper Biol & Med 29 1204, 1932 

12 Butt, H R , Snell, A M, and Osterberg, A E The Preoperatne and Postoperatnc 
Administration of Vitamin K to Patients Having Jaundice, JAMA 113 383 (July 29) 1939 

13 Bnnkhous, K M, and Warner, E D Effect of Vitamin K on H>poprothrombinemn 
of Experimental Liver Injurj, Proc Soc Exper Biol & Med 44 609, 1940 

14 Stewart, J D, and Rourke, G M Prothrombin and Vitamin K Therap\ \cvv 
England J Med 221 403, 1939 

15 Rhoads, J E Physiologic Factors Regulating the Lc\el of the Plasma Prothrombin 
Tr Am S A 58 86, 1940 

16 Lucia, S P, and Aggeler, P M The Influence of Lner Damage on tilt Plasma 
Prothrombin Concentration and the Response to Vitamin K, Am J M Sc 201 326, 1941 

17 Polile, E J , and Stewart, H J L Observations on Plasma Prothrombin and 
Effect of Vitamin K m Patients with Liver or Biliary Tract Disease, J Clin Investigation 
19 365, 1940 

IS Allen, J G, and Julian, O C Prothrombin and Hepatic Function, \rch Sure 45 
691 (Nov) 1942 

19 Andrus, W Newer Knowledge of Vitamin K, Bull New York Mad Med 17 
116, 1941 

20 Andrus, W DeW , Lord, J W, Jr, and Moore R A Effect oi Hepatcctomv on the 
Plasma Prothrombin and the Utilization of Vitamin K Surgen 6 S99, 1939 

21 Warner, E D , Bnnkhous, K M, and Smith H P Quantitative Studv on Blood 
Clotting Prothrombin Fluctuations Under Experimental Conditions \m 1 Pliv-io! 114 
669, 1936 

22 Bollman T L Butt II R and Snell, A M Influence oi Liver on Ltilizitv i e>i 
Vitamin K J \ M \ 115 10S7 (Sept 2S) 1940 
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expressed the belief that the degree of piothiombin deficienc} does not indicate the 
extent of the hepatic damage but that lepeated observations i effect the clinical 
course of the hepatic disability 

The prothrombin reaction to vitamin K is of service m distinguishing between 
the jaundice due to intrahepatic cellular injury or disease and that due to obstruction 
oil the premise that in parenchymal disease of the liver vitamin K is not formed 
(Stewart 23 , Stewart and Rourke 14 , Allen 24 ) 

Andrus, Lord and Mooie 20 have used the response of the plasma prothrombin 
level to menadione (2-methyl, 4-naphthoquinone) administered intramuscularly as a 
means of determining the site of origin of obstiuctive jaundice and obtained a high 
degree of accuracy Thus it was correct in 32 of 36 cases of intrahepatic jaundice 
and in 49 of 50 cases of extrahepatic obstruction of the common duct, an over-all 
accuracy of 94 per cent There were 20 additional cases of extrahepatic jaundice, 
not included in the afoi ementioned group, with an initial prothrombin level of 
over 80 per cent, a finding which when present in jaundice has always indicated 
it to be of extrahepatic origin 

The test is done as follows Determinations of the level of plasma prothrombin are made 
on successive days by the Warner, Brinkhous and Smith 21 test, until the levels are within 
5 per cent of each other on two succeeding observations Then 2 mg of menadione is 
injected intramuscularly, and the prothrombin is determined at intervals of twenty-four, 
forty-eight and seventy-two hours It is usually not necessary to determine the prothrombin 
level for more than the successive days before injecting menadione 

PHYSIOLOGY Or THE PROTEINS 

General Effect of Adequate Piotems — The quality and the quantity of dietary 
proteins influence growth, maintenance and repair as well as reproduction and 
lactation In addition (like carbohydrate and fat) protein is an important source 
of energy When much nitrogen is lost during fever, during an operation or 
following traumatic injury or other event proteins take part in the reparative 
processes m the body, and during convalescence adequate dietary proteins are 
required for the restoration of wasted tissues For this purpose, according to 
Cuthbertson, 25 animal proteins seem more desirable than vegetable proteins 

Impoi tance of Piotems m Antibody Foi motion — It has been shown experi- 
mental!} (Bred and Haurowitz) that the protein stores of the body are of great 
importance in the formation of antibodies inasmuch as the antibodies of the rabbit 
were chemically identified with the globulin in normal rabbit serum except for the 
spatial arrangement of their constituent ammo acids In addition, the “antigenic 
template” (Cannon 20 ) seems to be synthesized from the intracellular protein 
reserves These facts suggest the probable impoi tance of a luxurious protein diet 
for the maintenance of adequate “antibody matrix” (“piotein reserves”) to serve 
as basic materials for the templation of specific antibodies If so, the immunologic 
potential of the reticuloendothelial system, for example, would vary quantitatively 
with the amount of locally available protein reserve 

This suggested relationship is in line with statistical evidence covering the 
increased susceptibility to infectious diseases observed as a result of dietary msuf- 

23 Stewart, J D Prothrombin Deficiencj and Effects of Vitamin K in Obstructive 
Jaundice and Biliary Fistula, Ann Surg 109 588, 1939 

24 Allen, J G The Diagnostic Value of Prothrombin Response to Vitamin K Therapy 
as a Means of Differentiating Between Intrahepatic and Obstructne Jaundice, Internat Abstr 
Surg 76 401 1943, in Surg, Gjnec & Obst, May 1943 

25 Cuthbertson, D P Quality and Quantity of Protein in Relation to Human Health and 
Disease, Nutrition Abstr &. Re\ 10 1, 1940 

26 Cannon, P R Immunity and Protein Reser\es New York State J Med 43 771. 1943 
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ficienc} during World Wai I, and Cannon" 0 was able to confirm tins lelation- 
slup on experimental animals Rabbits whose protein resenes had been reduced 
by diets low in protein showed a distinctly subnormal capacity to produce specific 
antibodies 

The accumulated evidence in support of the relationship betu een protein resei \ es 
and specific immunity is of particular interest in view of the popular overemphasis 
of the role of vitamins in promoting antimicrobic resistance and the popular under- 
estimate of the basic mipoi tance of a luxurious protein intake m association with the 
widespread custom of “dieting ” Without more than enough protein to maintain 
nitrogenous equilibrium, antimicrobic vitamins are lmmunologicall} ineffective 
“The resei ve store of protein is the bulwark against infection” (Madden and 
Whipple 2 ) 

Typical of the observation bearing on tins point is that of Clements,-' who found tbit 
natives of the New Guinea region who eat a well balanced diet rich m proteins and 
vitamins are relatively immune to tropical ulcers, while other natives, who subsist on a less 
well balanced diet, in which the ratio of carbohjdrate to protein is high and the supple of 
vitamins is poor, are susceptible A complete absence of tropical ulcers was noted in fishing 
villages, where the diet contained 60 to 70 per cent of protein 

Protective Effect of Proteins on the Liver — (a) The protective effect of pro- 
teins against injury of the liver The reserve proteins help to protect the liver 
against dietary, chemical, toxic oi other injury Experimental hepatic cirrhosis 
produced m rats by a low protein diet and prolonged administration of alcohol may 
be prevented by increasing the amount of total piotem in the diet (Lillie Daft and 
Sebrell 28 , Gyorgy and Goldblatt, 20 and others) 

Certain definite conclusions (Ravdin, 30 Whipple, 31 and others) are now possible 
concerning the use of proteins and their activity in protecting the liver parenchyma 
against chemical poisons Messmger and Hawkins 32 found that a high protein 
diet (meat in the form of hamburger) was most effective m preventing hepatic 
injury from arsphenamine Similarly, Goldschmidt and co-workers 33 and Davis 
and Whipple 34 demonstrated the marked action of protein foods (skimmed milk 
and casein) in protecting the liver against chloroform Goldschmidt and co-work- 
ers 33 pointed out that protein in the liver has the following four modes of action 
(1) probably some specific and as yet unknown action on the liver cell, (2) the 
action of displacing fat more effectively than carbohydrate, thereby making the 
liver less susceptible to injur) , (3) an action through the fact that the liver is one 
of the chief storehouses of protein, and (4) the action of playing the major role 

27 Clements, F W The Relation of Diet to Tropical Ulcer, M J Australia 1 520, 1934 
abstracted, JAMA 106 139 (Jan 11) 1936 

28 Lillie, R D , Daft, F S, and Sebrell, W H Production and Apparent Prevention 
of a Dietarj Liver Cirrhosis in Rats, Proc Soc Exper Biol & Med 48 228, 1941 

29 Gvorgv, P, and Goldblatt, H Observations on the Conditions of Dictarv Hcpatie 
Injur) (Necrosis, Cirrhosis) in Rats, J E\per Med 75 355, 1942, Choline as a Member 
of Vitamin B : Complex, ibid 72 1, 1940 

30 Ravdin, I S , Stengel, A, Jr, and Prushaiihm, if The Control of Hvpoprotcincmn 
in Surgical Patients, J A M A 114 107 (Jan 13) 1940 

31 Whipple, G H Blood Plasma Proteins, editorial, Surg , Gvnec A Obst 73 8-56 

1941 

32 Messmger, W T, and Hawkins, \\ B Arsphenamine Liver Injurv Modified bv 
Diet, Mil J M Sc 199 216, 1940 

33 Goldschmidt, S , Ravdin, I S, and Lucke, B Anesthesia and Liver Damage Tic 
Protective Action of Owgen Against Necrotizing Effect of Certain Anesthetics on the 
Liver, T Pharmacol & Exper Therap 59 1 1937 

34 Davis, N C, and Whipple, G H Influence of Drugs and Chemical \gcits on tin 
Liver Necrosis of Chloroform Anesthesia Arch lilt Med 23 636 (Mav ) 39]° 
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in the regenerative phase, which begins within seventy-two houis after the ongmal 
injury to the oigan Bollman and Mann 35 found a deletenous action of meat pro- 
tein, but in their opinion this action is not due to the piotein itself but to certain 
soluble extractives in the meat 

(b) The lipotropic function of protein Protein undoubtedly has a specific 
effect in restricting intracellular deposition of fat as a result of the lipotropic 
activities of certain amino acids (Moise and Smith 36 , Miller, Ross and Whipple 37 , 
Goldschmidt, Vars and Ravdm 38 , Messmgei and Hawkins 32 , Perlman, Stillman 
and Chaikoff 39 ) In fatty livers these amino acids facilitate the mobilization of 
hepatic lipid and make it available foi easy disposition Lipocaic, choline and 
lecithin and the amino acids methionine and cysteine are active lipotropic agents, 
glycine, alanine, tyrosine, taurine, glutamic acid and pioline have no lipotropic 
activity Choline is thought to be necessary for the action of any lipotropic sub- 
stance This may account for the deterioration of hepatic function in patients with 
discharging biliary fistulas It is significant that cysteine is a key ammo acid for 
the legeneration of plasma piotem also, while methionine is of no value m this 
process but is more important for its lipotropic activity 

In addition to the aforementioned factors, the significance of the total caloric 
content of the diet has been emphasized by Ravdm and his co-workers, 30 who found 
that a general diet high in calories was of greater value m lowering the lipid 
content of the livei than was the intravenous administration of dextrose alone 

(c) The mode of the protective effect of protein on the liver It is believed 
that the amino acids methionine and cysteine aie the agents responsible for the 
protective effect of the proteins (Miller, Ross and Whipple 37 ) by sparing the nor- 
mal enzyme action of the oxidation-reduction activity m the hepatic cell, which is 
injured m chloroform poisoning Since the milk protein, casein, is high in these 
amino acids, it seems likely that the specific effect of protein postulated by Gold- 
schmidt and his co-workers 38 may rest on the same basis 

The exact mechanism whereby such hepatotoxic agents as chloroform and carbon tetra- 
chloride exert their deletenous effects is not clear The following hypothesis has been proposed 
The toxic agents, having reached the liver, are held there m proportion to the amount of fat 
present, and exert their harmful effects by interfering with the normal oxidation-reduction 
system (anoxia) within the cells, involving glutathione and other factors If the interference 
is sufficiently extensive, central lobular degeneration and necrosis follow 

Protection of the liver can be furthered and assuied (1) by diminishing exposure 
to any toxic agent, (2) by feeding the patient a high caloric diet that is rich in 
protein and carbohydrate and low in fat, (3) by correcting any intracellular state 
of anoxia with cystine and methionine and with oxygen therapy, and (4) by giving 
an overabundance of protein to enhance the regenerative phase of liver activity 
Additional protective mechanisms as yet not clearly understood may come later if 

35 Bollman, J L , and Mann, F C Influence of Liver m Formation and Destruction of 
Bile Salts, Am J Ph\ siol 116 214, 1936 

36 Moise, T S , and Smith, A H Diet and Tissue Growth I The Regeneration of 

Liver Tissue on Various Adequate Diets, J Exper Med 40 13, 1924 

27 Miller, L I , Ross, J F , and Whipple, G H Methionine and Cystine Specific 
Protein Factors Preienting Chloroform Injury in Protein Depleted Dogs, Am J M Sc 
200 739, 1940 

38 Goldschmidt, S , Vars, H M , and Ravdin, I S Influence of Foodstuffs upon Sus- 
ceptibility of Lner to Injury by Chloroform and Probable Mechanism of Their Action, J 
Clin Investigation 18 277, 1939 

39 Perlman, I , Stillman, N , and Chaikoff, I L Radioactive Phosphorus as Indicator 

of Phospholipid Metabolism Further Observations on Effect of Amino-Acids in Phospho 

lipid Actnitj ot Lner, J Bio! Chem 135 359, 1940 
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and when it is shown that substances such as choline, xanthine and some unknown 
factor of the B complex exert some specific action on the hepatic cell of which 
one is not as yet aware 

CLINICAL H\ POPROTEIXEMIA 

During conditions of health and of illness the metabolic function of protein and 
its daily regulation depend on good function of the lner It may be true that m 
many undernourished but otherwise apparently healthy persons and in many 
patients with latent or apparent parenchymal injury or disease of the liver the 
compensatory mechanism is sufficient to make good the ordinary wear and tear 
of the tissues and that there may be no laboratory or other method of determining 
that the protein reserves and hepatic function are actually deficient On the appear- 
ance of any undue strain, howeiei, such as illness, anesthesia or operation, this defi- 
ciency may become perceptible and is frequently demonstrable by laboratory' means if 
it is not already apparent clinically' This fits in with the suggestion of Mann 40 that 
in doing tests foi hepatic function the liver should be “strained” so as to bung out 
any abnormality This was well illustrated in the following case 

Case 2 — A 39 year old man with polyposis of the colon underwent total colectomj m 
three stages Prior to operation he was abnormally thin but was otherwise in fairh good general 
condition, and the plasma protein level was normal (7 52 Gm per hundred cubic centimeters 
at a specific gravity of 1 0294) 

During the course of the convalescence and in between the stages of the colectomj were 
periods when the evacuations from the ileostomy' were excesswe During these periods the 
patient lost progressively in weight, but seteral determinations of the plasma proteins showed 
normal results Ilow'ever, during one episode when the amount of discharge from the 
ileostomy and the loss of weight were exceptionally severe, the blood serum protein dropped 
to an appreciably lower level, indicating the excessne strain being put on the protein 
metabolism and the protein replacement function 

Cluneal Distribution of Hypopi otexncnua — Various grades of hypoprotememia 
have been clinically observed in many abnormal states and m many forms of disease 
Deficiency of plasma protein, including lessening of the normal reserve, occurs in 
any' basic condition of undernourishment (maintenance on an insufficient diet, 
starvation, prolonged vomiting), in any condition associated with loss of digestne 
capacity' (disease of the stomach or of the pancreas, for example) and m any' con- 
dition associated with decreased intestinal absoiption with or without increased 
elimination fiom the alnnentaiy' tiact (the various diarrheas and dysenteries) 

Hypoproteinemic states aie found m all varieties of disease of the lner, atrophic 
and hypertrophic cirrhosis, the various forms of acute and subacute yellow' atrophy, 
biliary' cholelithiasis, acute and chronic forms of cholangitis in its gross and capillary 
forms, and otliei conditions , after burns of the body , m syphilitic, tuberculous and 
cancel ous disease of the lner, in all foims of traumatic toxic or chemical injury 
of the livei, and in the destruction accompanying suppuration of the lner 
(Johansen 11 , Thompson, McQuarne and Bell 43 Casten Bodenhenner and 
Barcham, 43 and others) 

In se\ ere thy rotoxic disease tw o factors operate to produce protein deficiency 
(1) an associated parenchymal lesion in the lner and (2) the increased catabolism 

40 Mann, E C The Gastrointestinal Tract and the I ner T AM A 121 720 (March 
6) 1943 

41 TohaiibUi A H H\poprotcinemia, \cta path et microbiol Scaudnm 195S supp 37 
p 272 

42 Thompson, \\ H , McQuarne, I, and Bell, E T Edema Assocntcd with Hvpo 
genesis of Scrum Proteins and Atrophic Changes m the Liter with Studies o \\ '■ter at' 
Mineral Exchanges T Pednt 9 604, 193t> 

43 Casten D , Rodenhtimer M and Barcham I \ c tud\ Plasma Pr< tern A " , na* < n 
m Surgical Patient' Ann Surg 117 52 1^4' 
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of protein due to the generall) increased metabolic activity shown by the high 
metabolic rate The importance of this is becoming more and more generally 
know n 

Protein deficiency also occuis m lenal conditions (nephioses) m which albumi- 
nuria is an important factor In certain severe conditions accompanied by excessive 
loss of nitrogen due to abnormal destruction of tissue, there are large losses of 
nitrogen m the ui inary output, and tissue and reserve stoies of protein become 
abnormally depleted Frequently, too, this loss is enhanced by the inability to take 
and absorb nutrition foi replacement purposes Protein deficiency is also found 
in the malnutrition accompanying the wasting of any chronic disease (cancer, 
tuberculosis), often in association with various grades of anemia 

In accordance with the basic production mechanisms of hypopi otememia, one 
can distinguish three types of this general protein deficiency 

(a) Hypoproteinemia of the prehepatic type is caused by interference with ade- 
quate nutritional intake, digestion or absorption of plasma protein-building mate- 
rials without any disturbance of the ability of the liver to form plasma proteins, 
only the supply of protein building material is inadequate This is the most general 
and important cause of hypoproteinemia 

Case 3 — \ 60 year old woman was admitted to the hospital with the diagnosis of colonic 
cancer A thorough workout failed to confirm the diagnosis There was an enormous 
accumulation of intestinal content, and it took almost a week to clean out the colon thor- 
oughly There was so little desire for food for a number of weeks that the patient ate almost 
nothing The total plasma protein was low' — 4 76 Gm per hundred cubic centimeters at a 
specific gravity of 1 0214 Several weeks after leaving the hospital the patient died, and 
although the actual cause of death was not established by postmortem examination, there is 
little doubt but that the continued extreme undernourishment was the important contributory 
factor 

( b ) Hypoproteinemia of the hepatic type results from an inability of the liver 
itself to build plasma proteins despite the fact that adequate supplies of plasma 
protein-building material are received In most of the reported cases, this is accom- 
panied with other evidences of a i eduction of hepatic function in the presence of 
apparent disease of the livei A similar effect is demonstrable in latent hepatic 
disease also 

Case 4 — During the course of a cholecystectomj for attacks of gallbladder colic caused 
by small biliary calculi, it was demonstrated that several large glands were present at the 
porta hepatis, which surrounded the hepatic duct At this time no jaundice was present, and 
the total serum protein was 6 39 Gm per hundred cubic centimeters Later jaundice devel- 
oped and became intense (icteric index, 108) Nothing could be done surgically to relieve 
the obstruction, which was proved to be due to these enlarged glands When the patient 
died, the postmortem examination showed, in addition, biliary cirrhosis with accompanying 
splenomegaly At the height of the jaundice the total plasma protein had declined to 5 0 Gm 
per hundred cubic centimeters 

( c ) Posthepatic hypoproteinemia is caused by an abnormal loss of plasma pro- 
teins after adequate formation of these proteins by the liver as in (a) repeated 
bouts of severe diarrhea, ( b ) excessive albuminuria (nephrosis) , (c) large hemor- 
rhage, ( d ) any outpouring of serum into any hollow cavity (pleural effusion, 
peritoneal fluid m ascites or peritonitis) , (c) exudation m large traumatic areas 
(bunts) This form is often combined with undernutrition (group 1) 

Case 5 A 40 vear old man with terminal ileitis suffered frequent bouts of fairly severe diai- 
rhea combined with some ill-advised undernutrition The total plasma protein was 4 6 Gm 
per hundred cubic centimeters in the presence of a continuous slight loss of weight 
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Geneial Pathologic Changes Due to Hypopi oteincima — (a) Nutritional edema 
In an)" appreciable hypoproteinemic state the most obvious alterations of tissue 
structure are those resulting from the disturbance m water distribution, namely 
edema of the subcutaneous tissues and of various \iscera (more frequently the 
lungs and the gastrointestinal wall, less frequently the cardiac muscle, the liver, 
the pancreas, the brain and the skeletal muscle) Collections of fluid may also be 
found in the peritoneal, the pleural and the pericardial cavity' There is no tem- 
poral or other coi relation between the presence and the localization of the edema 
because the time of onset and the distribution of the edema are determined b\ 
(1) the intake of fluid, (2) the amount of basic ions, particularly sodium ions, 
dissolved in the body fluids (an increase m the amount of such ions tends to pro- 
mote edema) , (3) any' increased permeability of the capillaries resulting from local 
burns or trauma, or general capillary injury' (infection) (4) diminution of tissue 
tension or pressure (usually from any' form of malnutrition) 

In the absence of much deficit of tissue protein there is a greater tendency toward 
accumulation of fluid m the hollow spaces (e g , hydrothorax) With nutritional 
depletion of both plasma and tissue protein, a high incidence of subcutaneous edema 
occurs 

When animals are fed low protein diets, the so-called nutritional edema dc\elops pre 
sumably because there is a concomitant fall in the plasma protein le\el and in the osmotic 
pressure when the protein content of the diets is decreased In man, however, nutritional 
edema is often associated with other dietary deficiencies, even though the pnmarv ctiologic 
factor may be a diet insufficient to preserve nitrogen equilibrium The experimental evidence 
of this is still not conclusive Bloomfield 41 expressed the belief that other factors are 
present 

(h) Defects in protein tissue Lesions of the tissues other than those associ- 
ated with edema commonly take the form of defects in piotein tissue — partial dis- 
appearance of the cardiac muscle fibers and of the muscle , fatty metamorphosis of 
the hepatic lobules with areas of necrosis in the midzonal aieas (Bablet and 
Normet 45 ) loss of substance and increased water content of the hepatic cell 
(Elman and Heifetz 40 ) 

Effect of Ilypopi otcvicima on the Livci — The effect of hypoproteinemic states 
on the liver cell is most definite In order to maintain a state of high efficiency in 
the lner cell abundant protein is necessary' In hvpoproteinemia, the lipotropic 
effect of protein is diminished, and the livers become fatty' ow ing to the accumulation 
of fat in the hepatic cells In far advanced cases interstitial fibrosis (cirrhosis) 
follows 

Experimental , Gyorgv and Goldblatt have shown tint rats maintained on a diet low 
in casein with a moderatclv high content of fat and without choline rcgularlv exhibited 
hepatic injury after between one hundred and one hundred and fittv davs The hepatic 
injury exhibited m sequence changes that varied from diffuse necrosis, resembling human 
acute or subacute yellow atrophy, to advanced portal cirrhosis Diffuse necrotizing nephrosis 
was a frequent accompaniment of the hepatic injure (hepatorenal svndrome) 

\ certain amount of confusion has resulted cxpcnmentallv because of rep irts oi the possible 
deleterious effect on the kidnev of diets rich in protein However, the results obtained In 
various research workers are conflicting, in some instances chronic nephritis was observed and 

44 Bloomfield \ I The Effect of Restriction of Protein Intake on the Serum Protein 
Concentration of the Rat, J Expcr Med 57 705 1953, Effect of Carrot reeding on Seni n 
Protein Concentration of Rat, ibid 59 6S7, 10'4 

45 Bablet T , and Kormet L Lcs lesions lustopathologiques de la bouffissure d \m am 
Bull Acad dc med , Paris 117 242, 1937 

46 Elman, R, and Heifetz, C T Experimental Hvpoalbuininenna It' Effect oi 
Morphologv, Function and Protein and Water Content oi Liver 1 Txper Meal 73 417 
1041 
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of protein due to the geneially mci eased metabolic activity shown by the high 
metabolic rate The importance of this is becoming more and more generally 
know n 

Piotem deficiency also occtus in lenal conditions (nephroses) in which albumi- 
nuria is an important factor In ceitaui severe conditions accompanied by r excessive 
loss of nitrogen due to abnoimal destruction of tissue, there are laige losses of 
nitrogen in the uiinary output, and tissue and leseive stores of protein become 
abnormally depleted Frequently, too, this loss is enhanced by the inability to take 
and absorb nutrition foi replacement pui poses Piotein deficiency is also found 
m the malnutrition accompanying the wasting of any chiomc disease (cancer, 
tuberculosis), often m association with vanous grades of anemia 

In accordance with the basic pioduction mechanisms of hy'popi otememia, one 
can distinguish tlnee types of this general protein deficiency 

(a) Hypoproteinenua of the prehepatic ty'pe is caused by' interference with ade- 
quate nutntional intake, digestion or absorption of plasma protein-building mate- 
rials without any distuibance of the ability' of the livei to form plasma proteins, 
only the supply' of protein building matenal is inadequate This is the most general 
and important cause of hypoprotememia 

Case 3 — A 60 year old woman was admitted to the hospital with the diagnosis of colonic 
cancer A thorough W'orkout failed to confirm the diagnosis There was an enormous 
accumulation of intestinal content, and it took almost a w'eek to clean out the colon thor- 
oughly There was so little desire for food for a number of w'eeks that the patient ate almost 
nothing The total plasma protein was low' — 4 76 Gm per hundred cubic centimeters at a 
specific gravity of 1 0214 Several weeks after leaving the hospital the patient died, and 
although the actual cause of death was not established by postmortem examination, there is 
little doubt but that the continued extreme undernourishment was the important contributor} 
factor 

( b ) Hypoprotememia of the hepatic type lesults fiom an inability of the liver 
itself to build plasma proteins despite the fact that adequate supplies of plasma 
protein-building matenal are leceived In most of the repoited cases, tins is accom- 
panied with other evidences of a i eduction of hepatic function m the presence of 
apparent disease of the livei A similar effect is demonstrable in latent hepatic 
disease also 

Case 4 During the course of a cholecvstectomv for attacks of gallbladder colic caused 
by small biliary calculi, it w r as demonstrated that several large glands were present at the 
porta hepatis, which surrounded the hepatic duct At this tune no jaundice w'as present, and 
the total serum protein was 6 39 Gm per hundred cubic centimeters Later jaundice devel- 
oped and became intense (icteric index, 108} Nothing could be done surgically to relieve 
the obstruction, which w'as proved to be due to these enlarged glands When the patient 
died, the postmortem examination showed, in addition, biliary cirrhosis with accompanying 
splenomegal} At the height of the jaundice the total plasma protein had declined to SO Gm 
per hundred cubic centimeters 

(c) Posthepatic hy'poprotemenna is caused by' an abnoimal loss of plasma pro- 
teins after adequate formation of these proteins by the liver as in (a) repeated 
bouts of severe diarrhea , ( b ) excessive albuminuria (nephrosis), ( c ) large hemor- 
rhage, (d) any outpouring of serum into any hollow cavity (pleural effusion, 
peritoneal fluid m ascites or peritonitis) , (<?) exudation in large traumatic areas 
(burns) Tins form is often combined with undernutrition (group 1) 

Case 5 — A 40 vear old man with terminal ileitis suffered frequent bouts of fairly severe diai- 
rhea combined with some ill-advised undernutrition The total plasma protein W'as 4 6 Gm 
per hundred cubic centimeters in the presence of a continuous slight loss of weight 
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Gcncial Pathologic Changes Due to Hypopi otememta — ( a ) Nututional edema 
In any appreciable hypoprotememic state the most obvious alterations of tissue 
structure are those resulting from the disturbance m water distribution, namely, 
edema of the subcutaneous tissues and of various viscera (more frequently the 
lungs and the gastrointestinal wall , less frequently the cardiac muscle, the liver, 
the pancreas the brain and the skeletal muscle) Collections of fluid may also be 
found in the peritoneal the pleural and the pericardial cavity There is no tem- 
poral 01 other coi relation between the presence and the localization of the edema 
because the time of onset and the distribution of the edema are determined b\ 
(1) the intake of fluid (21 the amount of basic ions, particularly sodium ions, 
dissohed m the boclv fluids (an increase in the amount of such ions tends to pro- 
mote edema) , (3) am increased permeability of the capillaries resulting from local 
burns or trauma, or general capillar} injury (infection) (4) diminution of tissue 
tension or pressure (usually from am form of malnutrition) 

In the absence of much deficit of tissue protein there is a greater tendency toward 
accumulation of fluid in the hollow spaces (e g , hydrothorax) With nutritional 
depletion of both plasma and tissue protein, a high incidence of subcutaneous edema 
occurs 

When animals are fed low protein diets, the so-called nutritional edema develops pre 
sumablj because there is a concomitant fall in the plasma protein level and m the osmotic 
pressure when the protein content of the diets is decreased In man, however, nutritional 
edema is often associated with other dietarj deficiencies, even though the primary etiologic 
factor mav be a diet insufficient to preserve nitrogen equilibrium The experimental evidence 
of this is still not conclusive Bloomfield 44 expressed the belief that other factors are 
present 

( h ) Defects in protein tissue Lesions of the tissues other than those associ- 
ated with edema commonly take the form of defects m protein tissue — partial dis- 
appearance of the cardiac muscle fibers and of the muscle , fatty metamorphosis of 
the hepatic lobules with areas of necrosis m the midzonal areas (Bablet and 
Nor met 45 ) loss of substance and increased water content of the hepatic cell 
(Elman and Heifetz 40 ) 

Effect of Hypopi otememta on the Liver — The effect of hypoprotememic states 
on the liver cell is most definite In order to maintain a state of high efficiency in 
the liver cell, abundant protein is necessary In hypoproteinemia, the lipotropic 
effect of protein is diminished, and the livers become fatty owing to the accumulation 
of fat in the hepatic cells In far advanced cases interstitial fibrosis (cirrhosis) 
follows 

Experimentally, Gj orgj and Goldblatt 2J have show n that rats maintained on a diet low 
in casein with a moderately high content of fat and without choline regularl} exhibited 
hepatic injury after between one hundred and one hundred and fifty days The hepatic 
injury exhibited m sequence changes that varied from diffuse necrosis, resembling human 
acute or subacute yellow atrophy, to advanced portal cirrhosis Diffuse necrotizing nephrosis 
was a frequent accompaniment of the hepatic injury (hepatorenal syndrome) 

A certain amount of confusion has resulted experimental)} because of reports of the possible 
deleterious effect on the kidne} of diets rich in protein However, the results obtained bv 
various research workers are conflicting, in some instances chronic nephritis was observed and 

44 Bloomfield, A L The Effect of Restriction of Protein Intake on the Serum Protein 
Concentration of the Rat, J Exper Med 57 705 1933, Effect of Carrot Feeding on Serum 
Protein Concentration of Rat, ibid 59 687, 1934 

45 Bablet, J , and Normet, L Les lesions histopathologiques de la bouffissure d’Aunam, 
Bull Acad de med , Paris 117 242, 1937 

46 Elman, R , and Heifetz, C J Experimental Hypoalbuminemia Its Effect on 
Morphology, Function and Protein and Water Content of Liver, J Exper Med 73 417 
1941 
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in others only apparently compensatory hypertrophy of the kidneys, without obvious lesions 
The confusion has led to the conclusion of McCollum, Orent-Keiles and Day 47 that the 
"relation of dietary protein level to the kidney lesions remains a mystery” Obseivations 
on Eskimos in Greenland have shown that their high protein diet does not predispose to renal 
or to vascular disease Stefansson and Anderson, who lived for a protracted period on an 
exclusive meat diet of high protein content, completed the experiment without rise in blood 
pressure or signs of renal impairment 

Effect of Hypopi otememia on the Healing of Wounds — Clinically it is observed 
that hypoprotememia is accompanied by difficulty in the healing of any coexisting 
operative rounds, owing to deficiency of fibroblast formation Healing is slow, 
the tensile strength of the resultant scar is low and the tendency toward disruption 
of the wound is greater in this group than in patients with hyperprotememia The 
deleterious influence of hypoprotememia seems to be limited to the proliferation of 
the fibroblasts 

In the case of colonic polyposis described on a foregoing page (case 2) it was noted that 
the condition of the wound about the ileostomy was exactly comparable to the state of 
nutrition and the level of protein in the blood plasma In periods of protein deficiency the 
wound was covered with a grayish exudate and there was not only no evidence of progressive 
healing but the wound broke down additionally As the state of nutrition and the level of 
protein in the blood plasma improved, these appearances disappeared, and one very successful 
and large transfusion of whole blood caused the wound to heal with extreme rapidity and with 
great efficiency 

Reversal of the Albumin-Globulin Ratio m Clinical Conditions — Foley and his 
associates 48 found that in the presence of advanced hepatic damage the albumin 
content of the blood plasma is reduced and there is a reversal of the albumin-globulin 
ratio Snell corroborated this both clinically and experimentally and showed, in 
addition, that the findings become reversed as improvement takes place According 
to Gray , 43 the most characteristic alterations of the plasma proteins are a large 
increase in gamma globulin and a decrease in plasma albumin These changes are 
seen more frequently and to the greatest degree in cirrhosis of the liver and next 
most frequently in the acute parenchymal diseases Frequently, the albumin- 
globulin ratio is normal, but chemical analysis shows that the qualitative distribution 
of the alpha, beta and gamma globulins is invariably abnormal during the acute 
stage Significant increases in beta globulin are observed in all types of hepatic 
disease but to a considerably less degree and frequency than the globulin changes 
Jaundice alone does not produce any significant changes in plasma protein The 
diseased liver appears to produce the protein fractions of largest molecular weight 
This may be explained by Whipple’s 31 theory that protein is stored m the liver as 
complex protein aggregates, which are broken down by the liver to supply plasma 
and tissue proteins as these are needed This “intermediate protein” is converted 
into gamma globulin by the diseased liver more readily than into the smaller protein 
fractions, such as alpha globulin and albumin It appears also that the protein 
changes associated with disease of the liver result primarily and to the greatest 
extent from the inability of the liver to produce normal plasma proteins rather than 
from external loss of proteins as in ascitic fluid 

47 McCollum, E V , Orent-Keiles, E, and Dav, H G Newer Knowledge of Nutrition, 
New York, The Macmillan Companj, 1939 

48 Folev, E F , Keeton, R W , Kendrick, A B, and Darling, D Alterations m Serum 
Proteins as an Index of Luer Failure, Proc Soc Exper Biol & Med 33 430, 1935 

49 Grav, S J , in discussion on Greene, C H Physiologic Considerations m Treatment 
ot Portal Cirrhosis, JAMA 121 715 (March 6) 1943 



II 1LENSK 1 —Hi POPROTLIKEMI i 


47 


Postopi i atn'L Iiypopt otcincmia — A state ot negative nitiogen balance exists 
foi vai)ing penods after operation The important factors include (1) anesthesia, 
(2) a major surgical procedure -with operative manipulation of deepl) situated 
Mscera and tissues, (3) a brief period of stanation, (4) shock fever, vomiting 
the presence of injured tissues and other abnormalities Cuthbertson 2 demon- 
strated appreciable losses of nitrogen after se\ere injuries as veil as after severe 
and extensive operations There seemed to be no correlation between age sex or 
the presence oi the absence of cancer or other tv pe of disease and the extent of the 
loss of nitrogen 

The adv erse effect of general and spinal anesthesia on the liv er cell seems to be 
increased in hj poproteinemic states, preoperative and postoperatne use of drugs 
of the sulfanilamide group also have the tendency to increase am destructive 
effect on the liver cell 

The major portion of the loss of protein occurs during the first four or five 
days after operation, during which time food is not permitted at all or only in 
limited quantities, ordinarilj this seems to be the most important factor Since 
this brief period of deprivation or limitation is well tolerated, the vast majoritv 
of the patients recov er w ithout anv special attention to the temporarv abnormahtv 
of the nitrogen balance and the liv poproteinemia is made good directlv after the 
return to a full diet However the diet must contain not onlv protein but also 
carboli} drate and fat as nitrogen equilibrium cannot ordinarilv be achieved on a 
pure protein diet 

Postopa alive Asthenia — Quite commonlv it has been noted that following 
major surgical operations of various tvpes there is frequentlv rather prolonged 
asthenia, which is often appreciable foi a few weeks after discharge from the hos- 
pital Leriche referred to this svndrome which cannot be clearl) defined as 
maladic postopci atou c and ascribed it to generalized disturbances of the svmpa- 
thetic nervous S) stem This form of asthenia has been encountered, perhaps, most 
often after operation on the pancreas — pancreatic asthenia (Whipple 31 ) — and 
less often after operation on the gallbladder or the liver, or after sev ere destructiv e 
disease Not enough is known concerning all of these forms of postoperative 
asthenia, and further investigation is necessary But it is interesting to speculate 
on the possible role of any postoperativ e loss of nitrogen in this connection While 
the quantity of tissue protein lost may not be large, the source and the character ot 
the catabolized protein under these conditions are not known and this protein con- 
ceivably differs from the stores depleted General hypoprotemenna maj result, or 
there may be a loss of certain reserve protein fractions or of necessary preceding 
ammo acids, when in the course of their usual activities the subjects simplv refrain 
from their customarv protein foods and nevertheless continue their normal activities 

TREATMENT Or CLINICAL HYPOPROTEINEMIA 

The preventive treatment of hypoproteinemic states depends to a great degree 
on the cause of the deficiency and on the method of its production In ordinarv 
states of undernourishment the essential of therapy is increased and abundant 
nourishment In disease of the gastrointestinal tract, this must be combined with 
rectification of the underh mg disease by an increase of the digestive action, bj an 
elimination of abnormally increased bowel content and so on In hemorrhage 
replacement of the lost blood is imperative In essential disease or mjurv of the 
hepatic parenchyma, removal of the cause — chemical or other poisoning, deficiencv 
of food with and without deficiencj of vitamin supply and other causes — must be 
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accomplished In thyiotoxic disease, subtotal thyroidectomy is necessary In lenal 
nephrosis and albuminuria the condition of the kidneys must be improved 

In mild states of hypoprotememia these measures, including the proper addi- 
tional supply of protein foods by mouth, will suffice The oral administration ot 
properly prepared ammo acids is helpful It has been shown conclusively that a 
mixture containing all the essential ammo acids can be administered orally without 
untoward effect, that ammo acid mixtuies so administered may be substituted for 
protein in the diet, that by this means a patient may be maintained in nitro- 
equihbrium Ammo acids are absorbed rapidly from the gastrointestinal tiact 
Theoretically, essential ammo acids introduced into the upper part of the jejunum 
should be promptly absorbed However, when introduced m large quantities m clini- 
cal practice they are apt to be irritating The two practical disadvantages at present 
are that the material is difficult to obtain in pure form and that it is expensive 
If success does not follow in these cases of mild hypoprotememia or follows 
in insufficient degree, or if the grade of the piotem deficiency is severe, or if there 
is any necessity for urgency in the correction of the hypoproteinemic state more 
active measures are necessary, including the parenteral replacement of protein 
This has become an increasingly important clinical therapeutic need only during 
the past decade There is an increasing realization of the frequency and seriousness 
of hypoprotememia in clinical conditions and of the apparent inability of the body 
always to correct this deficiency spontaneously There is a growing appreciation of 
the fact that protein needs other than those for the synthesis of plasma proteins 
are important m many patients nutritionally depleted and unable to absorb and 
utilize adequately nourishment by mouth Parenteral replacement of protein can 
be accomplished by (1) the transfusion of fresh whole blood, (2) the transfusion 
of wet or dried human plasma, (3) the reinfusion of ascitic fluid and (4) the 
parenteral administration of ammo acids 

Tiansfusion of Whole Blood oi Plasma oi Both — The transfusion of whole 
blood is the most satisfactory method for restoring the protein supply When for 
any reason blood is not available, human plasma forms a most excellent substitute 
and practically approaches completely fresh whole blood even though at present 
it suffeis from the temporary disadvantages of expense and inadequacy of supply 
About 1,000 cc of plasma is required to raise the protein content of the plasma of 
the average adult 1 Gm per hundred cubic centimeters Foi severe hypopro- 
teinemia many liters of plasma may be needed When plasma is given, absorption 
and synthesis are unnecessary After injuries of the liver oi bums, for example 
plasma transfusions have proved life saving 

Reinjusion of Ascitic Fhnd — In the hypoprotememia accompanying cirrhosis 
with ascites the patient’s own ascitic fluid may be used Remarkable results have 
followed The plasma proteins become elevated, great diuresis follows, and the 
ascitic fluid may not reform for a rather long time 

Parcntcial Admimsh ation of Properly Piepared Ammo Acids (jor Example 
Hydrohzcd Casein) — The possibility of supplying protein parenterally with amino 
acids was successfully applied experimentally as early as 1913 by Henriques and 
Andersen 50 and has since been suggested for clinical use by others, particularly b> 
Rose* 11 in 1934 


50 Henriques, V , and Andersen, A C Ueber parenteralc Ernahrung durch intravenose 
Injektion, Ztschr f phjsiol Chem 88 357, 1913 

51 Rose, W C The Significance of Amino-Acids in Nutrition, m Haney Lecture' 
1934-1935, Baltimore, Williams & Wilkins Compam, 1935, \ol 30, p 49 
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(a) Adnnnibtiation by the mtiavenous loute The intravenous administia- 
tion of annuo acids has been employed In Elman,'- Farr and MacFayden, 53 Shohl 
and associates, u4 Whipple and associates J * and othei s Theoreticalh , the method 
is good, but it presents several piactical difficulties, not the least of which is the 
preparation of a standardized hydrol)sate safe for mtiavenous use The solution 
maj' be administered at the rate of 1 to 2 Gm of ammo acid nitrogen an hour 
When so administered, over 95 per cent of the amino acids can be utilized in patients 

The earlier difficulties have largely disappeared with successne improvements 
m the manufacture of propei h)drolyzed casein, w Inch has been found to be the 
best source of material Tbe solubility has increased so that a perfectly cleai 
solution can be administered intravenous!} with a minimum danger of phlebitis 
when long periods of lenochsis are lequired This tendency, however, in am 
case is not great with the dilute (2 per cent) solutions 

The most senous difficult} has proved to be the occurrence of occasional febrile 
reactions (Sholil and co-workers , Elman, 52 and others) 

Untoward reactions are due to one or more factors connected either with 
the manufacture of the hydrolyzed casein, with its method of solution and prepa- 
ration for mtra\enous use or with the technic — l e the rapidity of the administra- 
tion itself Whether such uniformity can be or actually has been achieved aw'aits 
further experience Nevertheless, the preparation now available for experimental 
use has been administered to 35 patients by Elman 52 

In the experience of Brunschw lg, Clark and Corbm 50 minor disturbances 
were frequent, including anoxia, mild and occasionally severe nausea and vomiting 
and a generalized disagreeable flushing sensation In exceptional instances these 
were sufficienth pronounced to warrant discontinuation of injections after one 
or several attempts 

It appeals that in ceitain types of acute hepatitis a sudden flooding of the 
circulation w ith ammo acids is too great a ph) siologic load for the liver to tolerate 
Nevertheless, postmortem studies of 9 patients who received substantial quantities 
of casein digest during their terminal disease failed to reveal evidence of toxic 
effects ascnbable to the digest 

(b) Administration bv tbe subcutaneous route When intravenous injections 
are not well tolerated, a 3 3 per cent solution in distilled w^ater may be given 
safely by hypodermoclysis without discomfort and without reaction in the tissues 
Patients with clinical icterus or icteiic forms with marked damage of the liver as 
shown by functional tests commonly have reactions aftei intravenous injections 
but tolerate hypodermocl} ses of the 3 3 per cent solution well 

52 Elman, R Parenteral Replacement of Protein with the Ammo- Acids ot H\droh zed 
Casein, Ann Surg 112 594, 1940, Serum Albumin Regeneration Following Intravenous 
Amino- Acids (Hjdrolyzed Casein) in Hypoprotememia Produced by Se\ ere Hemorrhage, 
Proc Soc Exper Biol & Med 43 14, 1940 

53 Farr, L E, and MacFaj den, D A Amino-Acid Nitrogen in Urine of Children with 
Nephrotic Syndrome Following Intravenous Amino-Acids, Proc Soc Exper Biol & Med 
42 444, 1939 

54 Shohl, A F , Butler, A M , Blackfan, K D , and Maclachlan, E Nitrogen Metabo- 
lism During Oral and Parenteral Administration of the Amino-Acids of Hydrolyzed Casein, 
J Pediat 15 469, 1939 

55 Whipple, G H , Smith, H P , and Belt, A E Shock as a Manifestation of Tissue 
Injury Following Rapid Plasma Protein Depletion The Stabilizing Value of Plasma Pro- 
teins, Am J Physiol 52 72, 1920 

56 Brunschw lg, A , Clark, D E, and Corbm, N Postoperative Nitrogen Loss and 
Studies of Parenteral Nutrition bv Means of Casein Digest Ann Surg 115 1091, 1942 
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( c ) Injection into the bone nianow Solutions of amino acids weie found 
to be equally effective when injected into the bone mat row The latter method 
offers a satisfactory way of achieving parenteral administration when the other 
loutes are inaccessible, impossible or inadvisable 

SUMMARY AND CONCLUSIONS 

A low concentration of plasma protein should be taken as a clinical indication 
of a profound nutritional disturbance and of a general metabolic deficiency dis- 
ease This maj' be a primal y condition or one secondary to serious disease espe- 
cially of the hepatic paienchyma Any local manifestation may therefore be either 
the cause or the lesult of this abnormality, and commonly both of these effects 
become intertwined clinically Specifically, this has special reference to the albumin 
and globulin fractions of the total plasma protein in general cases of hypopro- 
tememia (undernutrition) and to the fibnnogen and prothrombin fractions m 
sharply defined activities relating to the blood-clotting matenals and function 
Diagnostic Value of Clinically Demolish able Hypopi oteinennc States — The 
importance of plasma proteins for clinical purposes lies in the fact that they can 
be measured In making the determinations, however, one must take account of 
any accompanying state of dehydiation or of hemoconcentration, as these tend to 
give abnormally high values Plasma changes are clinically demonstrable only 
when the reserve supplies are sufficiently compromised In the latter event the 
protection afforded by abundant protein is lost 

In clinical practice a single determination is not of much value A succession 
of observations is immensely valuable because it indicates the course of the illness — 
primarily in the deterioration or the improvement of the protein function and 
secondarily m the damage of the livei cells (see case 4) 

In a general way the laboratory demonstration of a hypopi oteinennc state with 
or without a coincident loss of body weight indicates some interference with the 
function of liver cells But inasmuch as the method of production of this defi- 
ciency varies there can be no assumption of intrinsic disease of the livei except 
as it corroborates one’s diagnosis on other more appropriate and reliable criteria 
Nevertheless, even for this purpose the lepeated determinations are valuable as 
corroborating proofs of damage of liver cells when all other clinical and laboratory 
findings point definitely to the liver as the essential seat of the disease , to a lesser 
extent, this is so when latent disease is suspected When repeated in a series, 
quantitative estimations of any protein deficiencies, with their progression or 
retrogression, give valuable information concerning the state of function of the 
parenchymal cells of the liver or of the deficiency m general and enable one to 
make fairly accurate prognostications So that when the deterioration of function is 
progressive, as indicated by the repeated tests, 01 when the grade of deficiency is 
extreme, the laboratory determinations act as important criteria for determining 
the advisability of any contemplated immediate operation, the choice of an anes- 
thetic or the operatne procedure In some cases they indicate efforts to improve 
the disabling factor, and operation must then be postponed until the disability is 
removed or sufficiently improved In still other cases they establish the irreversi- 
bility of the damage that has occurred, and when this is sufficiently far advanced, 
they contraindicate conclusn ely any operation of an elective nature 

Several points have resulted from this study which seem to have a profound 
clinical importance In \ lew of the present tendency to “diet” one should appreci- 
ate the fact that this may produce a state of undernutrition, protein deficiency 
and hvpoprotemenua, the swnptoms of which, perhaps little understood until now, 
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include (1) loss of weight and strength, (2) loss of stamina oi eneigy, (3) various 
degrees of chronic fatigue and (4) much lessened lesistance to disease In many 
cases this latency predisposes to moie piofound changes, especially in the func- 
tions of the hvei And the pievalence of such latent conditions is little under- 
stood at its true clinical impoitance among members of the medical profession 
It seems to be tiue that the fat person is not necessarily "well nourished" 
In this type of person the available protein is usually relatively overshadowed by the 
fat content A surgeon appieciates this because of lus experience that such a 
patient is not a good subject for surgeiy 

The impression is growing that an ennched protein diet is not only advantageous 
but also necessary clmicallv tor any one about to undergo the abnormal physical 
strain of an infection an illness or an opeiation and for the prevention of any 
danger of postoperatn e hemorrhage In this regard the previous clinical preference 
for a preponderating rich caibohydrate diet has suffered 

Sinulaily it seems that if at any time there arises the necessity foi the adminis- 
tration of any drug which might have a toxic oi otherwise deleterious action on 
the livei, one should supply a diet t ery rich m piotein, which would have the 
tendency of forestalling such injury 

The Starling hypothesis has helped to explain many clinical conditions previ- 
ously not so w r ell understood Sufficient available protein helps to maintain a noi- 
mal colloidal osmotic pressure m the blood stream and m the capillary bed Protein 
deficiencies are now thought to have important clinical bearings in the immediate 
postoperative period or after severe burns and injuries in that they bring about 
states of shock and collapse, in that they cause a more or less large reduction in the 
amount of urine excreted, m that they cause states of hemoconcentration and cause 
abdominal distention (Golden"”, Jones and Eaton 55 , Leigh 59 ) and occasionally 
in that they facilitate obstructive manifestations (Ravdin and co-workers so ) Nutri- 
tional edema and the otherwise unexplained accumulation of fluid m the hollow 
spaces also are understood only on this basis 

The classification of states of hypoproteinenua into (1) acute (as after hemor- 
rhage), (2) subacute (as after intestinal obstiuction or peritonitis) and (3) 
chronic (as m chronic disease of the hvei ) is a more or less academic one 
Clinically it suffices that one know s when and how these protein deficiency states 
occur and the measures available for their correction 

Effect of Therapy — Adequate knowledge of this kind has greatly enlarged the 
sphere of replacement and enrichment protein therapy as a protective effect foi 
(1) preventing the deposition of fat m the livei cell, (2) preventing any impair- 
ment of the normal functions of the liver, (3) producing a powerful lipotropic 
activity when abnormal amounts of fat have previously been so deposited, (4) 
lessening the susceptibility to, and increasing the resistance to, toxic and chemical 
injuries, to infection and to other forms of disease, (5) treating some medical 
conditions (such as the different types of cirrhosis) m which protein deficiency 
is both a potential cause of the disease and an important consequence, (6) treat- 
ing conditions (such as burns) m which there is a sudden depletion of protein 
stores, (7) facilitating reparative efforts after chemical or toxic injury of the 
hepatic parenchyma , (8) preparing patients bettei generally for any contemplated 

57 Golden, R Abnormalities of Small Intestine m Nutritional Disturbances Some 
Observations on Their Physiologic Basis, Radiology 36 262, 1941 

58 Jones, C M , and Eaton, F B Postoperative Nutritional Edema, Arch Surg 
27 159 (July) 1933 

59 Leigh, 0 C, Jr Ileus Associated with Edema of Bowel, Surg, G>nec & Ohst 
75 279, 1942 
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operation, (9) preventing potential specific dangers (such as postoperative hemor- 
rhage) , (10) lessening the injurious effect on the liver cells of drugs of the sulf- 
anilamide group, (11) lessening the risk of general and spinal anesthesia, and 
(12) enhancing the efficiency of healing m operative and other types of wounds 

Clinical Response of Hypopt oteinemic States to Replacement Therapy — The 
response of any hypoprotememia to replacement therapy will depend to a large 
extent on the mechanism of its production In the hepatic type the severe damage 
of the liver renders the hypoprotememia least responsive to treatment, and the 
response depends largely on the length of time the hypoprotememia has been 
present and the amount of irreversible damage that has preceded treatment The 
prehepatic type responds to treatment m proportion to the gravity of the cause 
The posthepatic type of hypoprotememia associated with burns usually responds 
rapidly to efficient early treatment 

The favorable effect of efficient treatment in clinical states of hypoprotememia 
depends on (1) the ability to remove the underlying cause, (2) the ability to 
rectify any disturbance of hepatic function, (3) the relative shortness of time for 
which these two primary disabilities have been present and (4) the relative lack 
of pathologic anatomic changes, such as edema and tissue protein defects Good 
and favorable results of efficient treatment cannot be expected when the afore- 
mentioned factors cannot be eliminated and when any degree of infection is present 
and cannot be controlled 

Unknown Factors — There seems to be a great necessity for the study of certain 
hitherto elusive factors which seemingly have a profound effect Not always do 
the available methods of therapy and protein replacement bring about the desired 
results to one’s clinical satisfaction For instance, it frequently happens that trans- 
fusions of either plasma or whole blood are given and not much change is apparent , 
then a transfusion is given from another donor, and the result seems almost miracu- 
lous It must be, therefore, that certain factors become available which were not 
present previously, provided through the agency of the new donor One sees these 
effects clinically not infrequently 

12 East Eighth -Seventh Sheet 



RECON SI RUCTIVE PLASIIC SURGERY OF THE ABSENT 
EAR WITH NECROCARTILAGE 

AN ORIGINAL METHOD 

EDWARD S LAMONT, MD 

HOLLV WOOD, CALIF 

The individuality of the ear caitilage, and its position aw av from the head, 
makes reconstruction of the absent ear one of the most complex of all plastic prob- 
lems One of the modern pioneers m the w'ork, Updegraff, so aptly said that he 
like many others, including Blair, Brown, Gillies, New, Padgett, Kirkham and 
Pierce, had the same attitude toward their reconstructed ears as a girl has toward 
her legs “They’re all right but I wish they were prettier ” 

HISTORICAr REVIEW 

In the sixteenth centuiy Taghacozzi 1 devised a method to repair partial losses 
of the ear by utilizing skin flaps from the scalp and neck von Szymanowski 2 
m 1870 definitely outlined a technic for restoration of the auricle He raised flaps 
around the scalp and mastoid region, folded the tissue on itself, sutured the margins 
and then grafted the resultant raw' defect In 1908 Schmieden, 2 utilizing autogenous 
rib cartilage, implanted it m a flap on the breast, then transferred the flap contain- 
ing the cartilage to the region of the auricle In 1916 Joseph 4 employed a pedicle 
flap from the upper aspect of the arm to reconstruct the absent ear Later, in 
1930, he implanted ivory m a raised flap on the neck, then turned the flap and 
attempted to create an auricle 

Gillies, 5 m 1920, used the skin over the mastoid area, implanted autogenous 
rib cartilage, raised this flap containing the cartilage to form the ear, then grafted 
the defect on the posterior aspect with the aid of an Esser outlay In 1928 Pierce 6 
made a perceptible step forward by utilizing a tube pedicle from the neck and 
draping it over the outer aspect of the reconstructed ear to simulate a helix, for the 
first time giving the ear reasonable size, contour and identity In 1937 Gillies 7 first 
suggested the use of maternal ear cartilage as framework for a new ear Though 
it left the mother with some defoimity, she w r as able to cover the lobbed ear with 
hair, and the surgeon gamed a total ear cartilage for transference to her offspring 

From the Division of Reconstructive Plastic Surgery, Cedars of Lebanon Hospital, 
Hollywood, Calif 

Presented in abridged form at a sectional meeting of the Los Angeles Countj Medical 
Association April 1943, in conjunction with colored motion pictures 

1 Taghacozzi, G De curtorum chirurgia per insitionem, libri duo, Ventus, apud G 
Bindonum jun, 1597 

2 von Szymanowski, J Handbuch der operativen Chirurgie, Braunschweig F Vieweg u 
Sohn, 1870 

3 Schmieden, V Der plastische Ersatz von traumatischen Defekten der Ohrmuskel, 
Berl klm Wchnschr 45 1433-1435, 1908 

4 Joseph, J Korrektive Nasen und Ohienplastik, in Katz, L, Preysing, H, and 
Blumenfeld, F Handbuch der speziellen Chirurgie des Ohres, Leipzig, Curt Kabitzsch, 1921 

5 Gillies, H Plastic Surgery of the Face, London, Oxford University Press, 1920 

6 Pierce, G W Reconstruction of the External Ear, Surg, Gynec & Obst 50 601- 
605 (March) 1930 

7 Gillies, H Technique m Construction of Auricle, Tr Am Acad Ophth (1941) 
45 119-121 (Jan -Feb) 1942 
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Othei Modifications — Man) vorkeis 8 have devised modifications of known 
methods Padgett 9 has presented the use of a tube pedicle flap extending from the 
tip of the mastoid to the midclaviculai region, he splits the tube, using the laigei 
pedicle to cover the defect on the posterior aspect as well as to anchoi the ear while 
he uses the smaller one over the eai to simulate a helix 

J B Brown 10 suggested the use of alcohol-fixed homogenous cartilage for 
reconstructing the absent ear, however, it has been his policy of late to adheie 
to direct transplants with autogenous nb cartilage Pieice and O’Connor 11 have 
projected a method of using preseived rib cartilage, refngerated and stored in 
mertlnolate saline solution, 1 1,000 Gieeley, 12 following Gillies’ method of using 
maternal ear cartilage, has outlined a procedure whereby a dental mold of the donor’s 
(mother’s) ear is applied after the cartilage has been removed He believes that 
by this method of support excessive shrinkage is prevented Updegraff 13 sug- 
gested that preserved rib cartilage be utilized to replace the donor’s eai and thus 
lessen the resulting deformity 

Kirkham 14 removed cartilage from rabbits’ ears in chronologic hours after their 
death He transplanted the cartilage to live rabbits , then he examined it six months 
later He reports that the cartilage had retained its dimension and form Micro- 
scopically it was divulged that the cell spaces were vacuolated and the nuclei 
markedly deformed Pie also suggests 14 that ear cartilage of cadavers might be 
used for reconstructing the absent ear 

Converse, discussing Gillies’ 7 paper in 1941, piesented a motion picture film 
depicting transplantation of ear cartilage taken fiom a donor who had died two 
hours previously from coronary thrombosis 

OTHER PROBLEMS ARISING WITH TIIE ABSENT EAR 

The ear is paitially or totally absent in approximately 1 out of 20,000 infants 
at birth The parents immediately assume guilt, and it requires careful tact on the 
part of the physician to explain these congenital deformities The reconstruc- 
tion of the absent auricle may physiologically be begun when the patient is 5 oi 
6 years old, as at this time the ears have virtually gained then full normal growth 
However, in a gieat majority of cases some procedure must be started earlier to 
appease the parents and to cushion their psychic upset 

Presui gical Pi occdin es — When babies with a remnant of an eai like the ear 
in figure 1 are presented for reconstruction, v r e insert either a vitalhum metal mold 

8 Cox, G H Surgery of the Auricle, Laryngoscope 51 791-797 (Aug ) 1941 Davis, 
A D Plastic Surgery of the Ear, Nose and Face, Arch Otolaryng 10 575-584 (Dec ) 
1929 New, G B Reconstruction of External Ear, Proc Staff Meet Mavo Clin 6 97 
(Feb 18) 1931 

9 Padgett, E C Total Reconstruction of the Auricle, Surg , Gynec & Obst 67 761- 
768 (Dec) 1938 

10 Brown, J B Preserved and Fresh Homotransplants, Surg, Gynec &. Obst 70 
1079-1082 (June) 1940 

11 O’Connor, G B, and Pierce, G W Refrigerated Cartilage Isografts, Surg, Gynec 
&. Obst 67 796-798 (Dec ) 1938 O’Connor, G B Merthiolate (Mercury Compound) 
Tissue Preservative and Antiseptic (for Refrigerated Cartilage Isografts), Am J Surg 
45 563-565 (Sept) 1939, Refrigerated Isografts Source, Storage and Use, California &. 
West Med 52 21-23 (Jan) 1940 

12 Greele>, P W Reconstruction Otoplasty, Surgery 10 457-461 (Sept) 1941 

13 Updegraff, H L The Cartilage Implant, Am J Surg 14 492-498 (Nov ) 1931 , 
Reparative Surgerv, Australian & New Zealand J Surg 9 237-258 (Jan) 1940 

14 Kirkham, H L D Use of Preserved Cartilage in Ear Reconstruction, Ann Surg 
111 896-902 (Mav) 1940 
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oi presen eel rib caitilage so as to stretch the skin Thus we gain sufficient skin 
to act as a recipient foi the ear neci ocartilage which is implanted when the child has 
reached the age desnable for its acceptance 

External Auditoiy Canal — The pioblem of creating an external auditory canal 
often arises It is localized to congenitally absent ears unless the ear has been 
tiaumaticall) evulsed Befoie an attempt is made to reconstruct a canal the 
tollowmg measuies must he earned out Careful audiogiams aie taken to evaluate 
hearing on the affected side and to gage the amount of possible improvement that 
might occui if a canal were present Lannnogiams of the middle ear should be 
made, to substantiate the piesence of ossicles It has been the expenence of my 
associates and myself that patients with a congenitally absent eai have some defect 
of the innei eai The hearing of many of these patients with no canal is decreased 
from 20 to 50 decibels and diops off more for the high tones The latter fact 
might seive to substantiate that the loss is perceptive rathei than conductive, in 
which case heaung would be less for all tones Beck 15 in perfoiming an autopsy 
on a patient w ith a rudimentary eai found an absence of the middle and the inner 
ear There are several such cases reported in the literature, substantiating our 
clinical findings 

Method of Rcconsti acting the External Auditoiy Canal — Should the canal 
require construction the method of procedure is briefly as follows The area for the 
future canal is carefully dissected, and its diametei calibrated to allow appreciably 
for shrinkage A split skin gi aft is sutured ai ound a dental stent with the skin sur- 
face inward This mold is inserted into the previously dissected area and allowed to 
remain until the graft has been accepted 

As a rule the external auditor) canal is not necessary for cosmetic effect, and 
its ability to improve hearing in these cases is lare 

Facial Atiopliy — In virtually 90 per cent of oui cases of a congenitally absent 
ear there has been facial asymmetry on the affected side Measurements demon- 
strate that side of the face to be smaller, and examination reveals the musculature 
to be underdeveloped It might be logical to believe that the congenital lesion 
affecting the facial nerve somewheie along the canal also involves the inner structure 
of the ear 

PURPOSE OF THE EXPERIMENT 

A review of ears reconsti ucted by most methods revealed that many presented 
mutual disadvantages Some w^ere too small when compared with the opposite 
ear The general contour was often too gross and did not present the delicate 
whorls indigenous to ear cartilage Many had collapsed into bizarre shapes because 
the struts of rib cartilage were insufficient as framework In others the skin graft 
placed over the defect on the posterior mastoid surface had contracted or its pigment 
had been affected so as to be cosmetically unattractive In a few cases the incision 
was cut too high on the scalp and included an area with hair which continued to 
grow on the anterior surface of the reconstructed ear, many in spite of epilative 
procedures 

With these factors in mind we sought a new method or some modification of 
an existing one that might improve the final result in reconstructed ears Scien- 
tific procedures are much like a telephone dial The few numbers are constant 
but their combinations are almost innumerable, and often the correct combination 
presents something interesting and choice on the other end of the line 

15 Beck, J C The Anatomy, Psychology, Diagnosis and Treatment of Congenital 
Malformation and Absence of the Ear, Laryngoscope 35 813-831 (No\ ) 1925 
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The puipose of the experiment was to decide the course of neci ocartilage in 
human beings when placed in pockets in the abdominal wall, in the posterior 
mastoid area, and when kept in solution, then to compare these results with 
cartilage handled in the same way but primarily treated with different solutions 
and finally to compare necrocartilage with autogenous cartilage 

EXPERIMENTAL METHOD 

The total ear cartilage was dissected from a person after he no longer had any use for it 
I call this cartilage ear necrocatUlage Further, sections of rib cartilage were taken from 
the same person for comparative study I call this cartilage rib lieci ocat tilagc The total 
ear cartilage taken was treated in several different ways Some cartilage was placed in 
solution of formaldehyde for four days, then carefully washed, transferred to merthiolate 
solution and stored in the ice box Other specimens were placed directly in the merthiolate solu- 
tion and refrigerated 

In patients chosen for an ear necrocartilage graft, pieces of the same graft were trans 
planted to pockets in the anterior abdominal wall In 1 case (fig 10) a piece of ear necro 
cartilage was placed in a prepared pocket, a section of normal ear cartilage taken from the 
opposite ear m another and a piece of rib necrocartilage in a third Portions of these 
three sections of cartilage were refrigerated in merthiolate saline solution At the end of seven 
days and again in forty-four, microscopic sections were made of all specimens and compared 

PREVIOUS EXPERIMENTAL INVESTIGATION WITH CARTILAGE 

Various materials have been used as framework for reconstruction in ears as 
well as m other parts of the body These include ivory, animal bone, paraffin 
celluloid, human bone, cartilage and more recently metals New 16 reported the 
experimental transplantation of celluloid beneath the nasal skin m dogs, and m this 
specific series he used it clinically m 5 patients Though reporting reasonable suc- 
cess, he discarded its use m favor of autogenous bone and cartilage transplants 

Aufricht 17 reported the use of ivory mtranasally in a series of 50 patients, and 
though he had no untoward results discontinued its use a dozen years ago in favor 
of autogenous transplants Salinger 18 reported a series of 65 cases in which he 
used ivory for implantation, removal was necessary in 5 of these following surgi- 
cal procedures, either because of infection or because of intolerance of the tissue 
to the foreign body 

Murphy 19 carried out extensive experimental work on the use of autogenous 
bone grafts He found that bone transplanted in the same person when contacted 
with bone becomes united and is used as a bridge foi the reproduction of new 
bone Cohen 17 has utilized this principle in mtranasal bone and cartilage grafts 

Cartilage more than any other element has been used experimentally as an 
implant Work has been carried out, both in animals and in human beings with 
living and dead cartilage Bert 20 in 1865 transplanted living cartilage to animals, 
then he examined it after the latter had been killed and concluded that the grafts 
retained their viability and eventually calcified Prudden 21 in 1881 implanted 

16 New, G B The Use of Celluloid in Correction of Nasal Deformities, JAMA 
70 9SS-990 (April 6) 1918 

17 Aufricht, quoted by Cohen, L Advantage of Mixed Bone and Cartilage Grafts in Cor- 
rection of Saddle Nose and Other Depressed Deformities of Dorsum, Ann Otol , Rhin S. 
Larjng 49 410-417 (June) 1940 

18 Salinger, S Saddle Nose A Report on the Use of Ivory and Cartilage Implants 
Illinois M J 72 412-417 (Nov) 1937 

19 Murphy, J B Osteoplasty , Surg , Gynec & Obst 16 493-536 (May) 1913 

20 Bert, P Sur la greffe animale Compt rend Acad d sc 61 587, 1865 

21 Prudden, T M Experimental Studies on the Transplantation of Cartilage Am I 
M Sc 82 360-370, 1881 
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Fig 1 — A, complete absence of right car depicting lack of cartilaginous structure and 
malformation of the vestigial auricle In many such cases the tissue present may be utilized 
and stretched with vitallium mold or necrocartilage ear Often the vestigial structure must 
be discarded and the total ear reconstructed Frequently the external auditor} canal is absent 
and little hearing is present, owing to defects in the inner ear Careful planning of all 
stages m the procedure must be done at this time 

B, struts made of autogenous rib cartilage have been inserted to enlarge the ear, give 
it framework and create contour A sternomastoid tube pedicle has been raised and later 
will be severed and the distal end waltzed upward 

C, the tube pedicle has been waltzed up to position It has been fashioned to the desired 
length and width, so that it does not kink and is cosmetically attractive 

D, more autogenous cartilage has been inserted into the interstices of the auricular tissue 
so as to create an ear approximately the same size and shape as the unaffected one The 
pedicle has been waltzed to the anterioi surface of the new helix so as to be in appropriate 
position 

E, the tube pedicle has been attached and draped, thus giving it size, shape and similant} 
to the opposite ear 

F, the ear has now been fashioned to the desired shape and though it may not hace all 
the intricate whorls indigenous to a normal ear, it closely resembles the opposite ear and 
is cosmetically satisfactory (Case of the late Howard L Updegraff ) 
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cartilage preset ved in 95 pei cent alcohol and found that paitial absoiption and 
degeneration occurred in all these grafts Olliei 22 in 1867, substantiated later by 
Zahn’s 23 \\ ork in 1884, found that both autogenous and homogenous cartilage 
grafts in animals presented degenerative changes with subsequent absorption of the 
material regardless of the type of giafts Fischer 24 m 1882 after experimental 
work with animals concluded that removal of the perichondnum was the pnmaiy 
cause of degeneration and absorption of cartilage grafts, wheieas retention of it 
caused the cartilage to remain intact In 1889 von Mangoldt 25 reported a series 


c 



Fig 2 — A, ear necrocartilage preserved in solution of formaldehyde four days, refriger- 
ated in merthiolate-saline solution eighteen days and then implanted in the abdominal wall 
for ninety-six dajs Section reveals considerable scar tissue around the plate of cartilage 
In the scar tissue can be seen a pronounced foreign body granulomatous inflammation The 
plate of cartilage shows moderate dissolution of the cells at the periphery with only phan- 
toms of the former structures remaining Toward the center the cells are better preserved, 
many are vacuolated but m places intact nuclei are visible The matrix is uniformly pink 
with slight granularity, chiefly around the cells X 165 

B, ear necrocartilage preserved in solution of formaldehyde four days, then refrigerated 
m merthiolate-saline solution for one hundred and fourteen days Section of this tissue 
shows m sharp contrast to the preceding one extremelv well preserved cartilage with prominent 
nuclei and cellular outlines In places the matrix is stained pink and in others lavender The 
perichondrium is not remarkable X 183 


22 Ollier, L Traite experimental et chnique de la regeneration des os et de la 
production artificielle du tissu osseux, Paris, V Masson &. fils, 1867 

23 Zalin, F W Ueber das Sclucksal der in den Orgamsmus implantirten Gevvebe, 
Virchows Arch f path Anat 95 369-387, 1884 

24 Fischer, E Ueber Transplantationen von organischem Material, Deutsche Ztsclir 
f Chir 17 362, 1882 

25 von Mangoldt F -\rcli i klin Chir 39 926, 1889 
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of cases m which he successfully transplanted autogenous costal cartilage to the 
bridge of the nose in human beings Nelaton and Ombredanne 26 implanted 
autogenous costal cartilage in a foiehead flap and subsequently utilized the pedicle 
in reconsti uctmg an absent nose 

In 1926 Loeb, 27 using xiphoid cartilage w ith perichondrium both as autogenous 
and homogenous giafts m guinea pigs, examined the cartilage microscopically in 
chronologic ordei from a day to five and one-half months later Though the giafts 
w r ere successful, he found vntuallv no reaction atound the autografts and a concen- 
tration of lymphocytes and connective tissue aiound the homografts yvith necrosis 
of the lattei Intel estmgly enough m the lattei giaft, local leaction disappeared 



Fig 3 — Fresh rib cartilage specimen taken from a patient at the operating table and 
refrigerated in merthiolate-saline solution for ninety-six days Section of this tissue reveals 
a fairly well preserved structure The matrix is uniformly hyaline Immediately around the 
cells the matrix is deeply blue stained Elsewhere it is bluish pink The cells are considerabh 
vacuolated for the most part In some places they are well preserved with intact nuclear 
structures X 220 

after three yveeks, and when he removed the piece five and one-half months later, 
it was practically intact In 1926 Mannheim and Zypkm, 2S implanting autogenous 

26 Nelaton, C, and Ombredanne, L La rhmoplastie, Pans, G Steinheil, 1904 

27 Loeb, L Autotransplantation and Homoiotransplantation of Cartilage in Guinea-Pig, 
Am J Path 2 111-122 (March) 1926 

28 Mannheim, A , and Zypkin, B Ueber freie autoplastische Knorpeltransplantation 
Arch f him Chir 141 668-672, 1926 , abstracted, J A M A 87 2132 (Dec 18) 1926 
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vat tilage m guinea pigs, noted that though the former retained all its stiucture, 
after a time there weie small microscopic changes, both degenerative and regenera- 
tive The}' concluded, further, that cartilage transplanted without perichondrium 
was better pieserved than cartilage transplanted with perichondrium Nageotte 20 
m 1922, using rabbit ears as the lecipient aiea, lefrigeiated cartilage pieviously 
fixed in alcohol He repoited that after a time the sunoundmg tissues invaded the 
cartilage, that the cai tilage lost its staining propeities, and that some calcification 
took place 

Davis 30 in 1917 used autogenous 11 b cartilage foi mtranasal transplants and 
concluded that theie w r as little or no absoiption A similar view' w'as lepoited by 
Gillies 3 m 1920 and his clinical conclusions w r ere that homogiafts weie reasonably 
permanent and rarely invaded by fibrous tissue He hoarded a piece of autogenous 
cartilage and a piece of fiesh homocartilage in a pocket beneath the abdominal wall 
of a patient and after a year and one-half found both pieces viable w ith no change 
in the autograft and the homograft showung some vacuolation of cells 

In 1922 Polettini 31 buried alcohol-fixed cartilage in vanous parts of labbits and 
found fibroblastic and connective tissue penetration within the cartilage, associated 
w'ltli new' cartilage and bone formation In 1927 Nigrisoh 32 took cartilage from a 
calf, fixed it m alcohol and grafted it in guinea pigs He examined the grafts 
after a week and after six w'eeks, and though they had survived, fibroblastic and 
connective tissue invasion into the cartilage had occurred m conjunction with 
calcification 

Neuhoff 33 m 1923 used autogenous rib transplants in patients and concluded 
that they w'ere eventually absorbed and replaced by fibrous tissue Didier and 

29 Nageotte, J Organisation de la matiere dans ses rapports avec la vie, Paris, Masson 
& Cie, 1922 

30 Davis, J S Some of the Problems of Plastic Surgery, Ann Surg 66 88-94, 1917 

31 Polettini, B Su neoformaziom cartilagmee ed ossee determinate da mnesti di fram- 

menti di cartilagine e d’osso fissati, Arch ital di chir 6 179-191 (Nov) 1922 

32 Nigrisoh, P Esperimenti di nnesto di cartilagine fissata nel rene e di sostituzione 
di parti scheletriche con cartilagine fissata, Arch per le sc med 49 689-703 (Dec ) 1927 

33 Neuhoff, H, and Hirschfeld, A The Transplantation of Tissues, New York, D 

Appleton and Company, 1923, pp 205-215 


Explanation or Figure 4 

A, fresh ear cartilage taken from a patient at the operating table and placed directh 
into Bourn’s solution to be used as control The tissue is well preserved Three sections 
reveal well preserved cartilage cells embedded in a hyaline matrix The staining quality 
of the matrix varies slightly, some portions being pink, other portions having a slight 
lavender cast In some places in the latter areas there is a fine granularity to the matrix 
The cartilage cells are slightly shrunken, but the nuclei are visible A few cartilage cells 
can be seen without evidence of nuclei X 183 

B, fresh ear cartilage implanted in the anterior abdominal wall for seven days Section 
reveals a small amount of organizing granulation tissue around the periphery The cartilage 
presents moderate alteration from the normal There appears to be a dissolution of the 
matrix characterized by an irregular mottling of portions of the matrix with pink while the 
remainder is light and dark blue The cartilage cells show loss of nuclei with considerable 
vacuolation of the cells to a large extent X 183 

C, fresh ear cartilage implanted in the anterior abdominal vail for forty-four days 
The piece of cartilage shows considerable dissolution of the usual architecture with only 
phantoms of the former structures remaining The matrix is diffusely pink The outlines 
of the former cells and nuclei can be seen in some areas The remainder of the tissue shows 
considerable fibrosis X 183 
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Figure 5 

(See legend on opposite page) 
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Guyon 31 in 1928 utilizing rabbits as recipients implanted alcohol-fixed cartilage 
giafts After eight and one-half months microscopic sections revealed fibroblastic 
invasion and calcification of the cartilage 

In 1938 Peer 35 implanted sections of human septal and costal cartilage, pre- 
served in 50 per cent alcohol, beneath the skm of the anterior thoracic wall of human 
beings The transplants were removed for microscopic examination at chronologic 
mten als fiom one week to fourteen months He found a foreign body reaction about 
the transplants which lasted until the thirty-second day and was virtually absent in 
sections removed later From the thirty-second day through four months the 
giaft remained as a tolerated dead foreign body The cartilage buried for fourteen 
months disclosed fibroblastic invasion with some absorption and calcification In 
1939 Peer 30 leported further on this v'ork He said that dead cartilage grafts 
fixed m alcohol and buried under the skm of the chest of human bemgs and 
examined after nine and one-half months to two years showed a progressive 
invasion by fibroblastic tissue and partial absorption of the cartilage, whereas 
autogenous rib cartilage hoarded under the same circumstances and at the same 
time shoived no invasion or absorption Two pieces of autogenous cartilage 
buried for four and one-half and six yeais respectively appeared microscopically as 
living cartilage He concluded that fresh autogenous rib cartilage was better 
material for plastic repair than autogenous cartilage fixed m alcohol 

Browm 37 after years of experience with homografts is rational in his con- 
clusions He presents the obvious advantages of homogenous cartilage It is 

34 Didier, R, and Gujon, L Production de cartilage et d’os, au sem de greffes \ lvantes 
et mortes, chez le lapin, Compt rend Soc de biol 98 443-445 (Feb 17) 1928 

35 Peer, L A Cartilage Transplanted Beneath Skin of Chest in Man Experimental 
Studies with Sections of Cartilage Preserved in Alcohol and Buried from Seven Days to 
Fourteen Months, Arch Otolaryng 27 42-58 (Jan) 1938 

36 Peer, L A Fate of Living and Dead Cartilage Transplanted in Humans, Surg, 
Gynec & Obst 68 603-610 (March) 1939 

37 Brown, J B , and McDowell, F Skin Grafting of Burns, Philadelphia, J B Lippm- 
cott Company, 1943 Brown 10 


Explanation of Figure 5 

A, specimen of ear necrocartilage taken and placed directly in Bourn’s solution for fixation 
The cartilage presents a mottled appearance with multiple focal areas of necrosis In the 
latter areas the outlines of the structures are considerably obliterated Elsewhere the matrix 
is a mottled light and deep pink The cells which are somewhat shrunken in some places 
show lysis Elsewhere though somewhat shrunken the nuclei are darkly stained and well 
preserved X 183 

B, ear necrocartilage implanted in the anterior abdominal wall for seven days This tissue 
in comparison with the preceding is better preserved There is similar irregular mottling 
of the matrix but the nuclei are well defined and there is less vacuolation of the cytoplasm 
At the periphery the cartilage is diffusely pink stained Here too the cells and nuclei are 
less well preserved X 183 

C, ear necrocartilage implanted in the anterior abdominal wall for forty-four days This 
tissue is better preserved The nuclei are distinct The cytoplasm shows moderate \acuo- 
lation The matrix is irregularly mottled Some portions show' necrosis with only phan- 
toms of the former structures At the periphery there is a moderate amount of scar tissue 
X 183 

D, specimen of ear necrocartilage refrigerated in merthiolate solution for forty-four days 
Section shows an extremelv well preserved piece of cartilage The matrix is mottled, in 
portions being deeply pmk stained while other portions are slightly blue stained The cells 
are fairly well preserved though m some places moderately vacuolated There are irregular 
areas of alteration where the cells are poorly preserved and the matrix diffusely pmk stained- 
X 183 
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Figure 6 

(See leqcnd on opposite pane) 
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easier to obtain and less apt to curl , patterns may be made more easily, and opera- 
tion on the chest of the patient is not necessary The disadvantages are It is not 
as resistant to infection, and it may absorb without infection He believes that 
experimental implantation of cartilage in animals or in the abdominal wall of 
patients is not exactly comparable to clinical use, because these beds are more 
amiable than those about the nose and face, where the cartilage is needed in recon- 
structive surgery He further points out that preserving cartilage m alcohol causes 
a change m the cell nucleus which may erroneously lead to a diagnosis of necrosis 

HISTOLOGY AND PHYSIOLOGY OF CARTILAGE 

Caitilage m the living appaiently possesses no blood vessels of its own, often 
ressels separating adjacent tissues may pass through it 3S Besides its interstitial 
substances and cells, it contains a dense capsule and perichondrium During fixation 
cartilage cells maj' easily become wrinkled, and this may be mistaken for pathologic 
change Both the cells themselves and the interstitial substances differ appreciably 
in hyaline, elastic or fibious cartilage 

The physiology is a moot point Some workers have attempted to prove the 
existence of a system of canahcuh passing from one cell capsule to another through 
the mtei stitial substance of the caitilage Organization of fibrils connecting adjacent 
cells has been discussed by some authors Others believe these to be artefacts In 
gross expeiiments nontoxic stains used on living cartilage demonstrate the dye to 
be quickly and easily absorbed by the interstitial substance And so it is believed 
that cartilage m situ is permeated by tissue fluids from the perichondrium and in 
this way gains and maintains life 

When cartilage is excised regeneration does not take place, because the cells 
of mature cartilage do not divide in mammals The defect is rapidly filled in with 
connective tissue, gained from the perichondrium or adjacent fascia The fibro- 
blasts of this gianulation tissue produce capsules around themselves and often 
become transformed into new cartilage cells in the interstitial substance The mter- 

38 Maximow, A A , and Bloom, W A Textbook of Histology, Philadelphia, W B 
Saunders Compam, 1938 


Explanation of Figure 6 

4, specimen of rib necrocartilage placed in Bourn's solution for fixation Section reveals 
a well preserved cartilage The nuclei are well preserved for the most part In a few places 
the cells are vacuolated The matrix immediately around the cells is deeply blue stained but 
elsew’here it is pink X 183 

B, rib necrocartilage implanted in the anterior abdominal wall foi seven days Two sec- 
tions reveal fairly well preserved cartilage At the periphery the tissue is diffusely pink 
stained and there is moderate dissolution of the cartilage cells Toward the center the cells 
are large and deeply blue stained In some places they are vacuolated The nuclei are 
prominent The matrix shows the usual light and dark blue coloration X 183 

C, rib necrocartilage implanted in the anterior abdominal wall for forty-four days Sec- 
tion shows w'ell preserved cartilage cells In some places the cells are moderately vacuolated 
but m other places they are well preserved The nuclei are distinct The matrix is 
diffusely blue stained toward the center and at the periphery pink stained At the penpheiy 
there is dissolution of the nuclei and cells X 183 

D, specimen of rib necrocartilage refrigerated in merthiolate-sahne solution for fort\ -four 
daj s The cartilage is fairly w'ell preserved At the periphery the tissue is diffusely pink 
stained There is loss of cvtologic detail here Toward the center the cells are better 
presen ed The matrix presents the usual histologic appearance X 183 
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stitial substance of the seal tissue becomes homogenous and pioduces new inter- 
stitial substance, similar to that occurring in the embryonic development of 
cartilaginous tissue and thus cartilage is fonned by metaplasia of the loose con- 
nective tissue 

There are many aspects of the physiology of transplanted cartilage that we do 
not understand When hyaline cartilage is taken from a rib oi elastic cartilage 
from an ear and then transplanted in the same subject to some other site in the 
body, does it continue to live and obtain tissue fluid as we understand the life of 
normal cartilage, or is it a foreign body with a specific affinity to that individual 
because it is autogenous 7 Does live homogenous cartilage (transferred immediately 
from one subject to another) act differently physiologically than autogenous carti- 



Fig 7 — A, autogenous rib cartilage implanted in the anterior abdominal wall for two 
hundred and se\entj days Surrounding two pieces of cartilage can be seen abundant scar 
tissue One piece of cartilage shows almost complete loss of the nuclear structure with 
diffuse pink coloring of the matrix The other piece shows fairly well preserved cartilage 
toward the center with the usual nuclear and cellular structures At the periphery there is 
dissolution of the architecture to some extent and dissolution of many of the cells In the 
surrounding scar tissue can be seen a small piece of metaphstic bone X 183 

D, autogenous rib cartilage implanted intranasally for two hundred and seventy days 
Section shows an irregular piece of cartilage Toward the center the cells are fairly well pre 
sencd The matrix and cells present the usual appearance At the periphery there is mod- 
erate dissolution of the cells and the matrix is diffusely pmh stained The cartilage is 
surrounded b\ considerable scar tissue X 183 

lage 7 It lias been the method for mam vears to hoard an excess of autogenous 
cartilage in a pocket of the abdominal wall Does such cartilage continue to live 
in its new site or is it onh a foreign bod\ tolerated bt the host 1 

•^ 3^23 
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EVALUATION OF EXPERIMENTAL RESULTS 

All of the microscopic sections and pathologic diagnoses were made by Dr 
Reuben Straus, pathologist to the Cedars of Lebanon Hospital llie photomicrog- 
raphy v r as carried on under his direction and supervision by Mr Donald Wald 
of the photographic department of the hospital 

In the fust experiment (fig 2 A and B) eai necrocartilage was used (the donor 
had been dead for forty-eight horns and m refrigeration) The cartilage was 
preserved m solution of formaldehyde for four days, washed, then transferred to 
merthiolate-saline solution (1 4) for eighteen days One piece was then placed 
in a pocket in the anterior abdominal wall of a patient, another continued on 
m the merthiolate-saline solution and refrigerated After ninety-six days both 



Fig 8 — A, autogenous rib cartilage specimen implanted in the anterior abdominal wall 
for fourteen years Section show's moderate fibrosis of the surrounding tissue The car- 
tilage presents a striking alteration from the normal There are irregular areas of degen- 
eration characterized by loss of nuclear and cellular structures and a diffuse pink cast to 
the matrix There is an occasional small area of calcification, and in one area a small bit 
of bone metaplasia can be seen In a few? areas the tissue appears fairly well preserved and 
resembles fairly fresh cartilage Heie some of the cells are moderately racuolated while 
m other places the cellular outlines and nuclear outlines can be seen At the periphery oi 
this section the cartilage is irregular There is dissolution of the tissue and ingrowth ot 
areolar tissue separating blood vessels X 183 

B, autogenous rib cartilage, same as 4 X 0 833 

pieces were gathered for pathologic study That retained in the solution appeared 
bettei preserved microscopically Giosslv the caitilage taken from the abdominal 
wall had not deci eased m size, even though much of it had been replaced In fibrous 
tissue The eai necrocartilage fiom which these pieces were taken was used to 
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replace a partially absent ear The former has now been implanted for fourteen 
months and clinically appears in excellent condition 

In the second experiment (fig 4 through 6 C) ear necrocartilage was com- 
pared vwth fresh ear cartilage and rib necrocartilage A piece of cartilage was 
excised from the patient’s opposite ear and employed as a control A section of 



Fig 9 — 4, ear necrocartilage as seen from its anterior surface, indicating the intricate 
whorls and bizarre shape Note especiallj on the outer inferior aspect that the cartilage 
spreads into a peninsula-lihe projection 

B, ear necrocartilage from its posterior surface with the perichondrium removed The 
cartilage is placed in solution of formaldehyde and then refrigerated in mertbiolate-sahne 
solution until required The bod} of the cartilage is then sieved with a dozen small holes 
''O that the granulation tissue maj rivet it into position when placed m the pocket 

C car necrocartilage being entered into its marsupial pouch at the operating table The 
incision is approximated with silk and the skin gentlv teased into the interstices of the 
car cartilage with the aid of alcohol-saturated cotton and small pieces of marine sponge 
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each was placed m a pocket m the anterior abdominal wall of the patient and 
another kept m merthiolate-sahne solution Part was removed at the end of 
seven days, the remainder at the end of forty-four days and microscopic sections 
studied The cartilage retained m the merthiolate-sahne solution for comparison 
appeared m much better condition than that m the abdominal pockets Grossly 
the cartilage lemoved from the abdominal pocket had not been reduced in size 
even though it had been invaded by fibrous elements At the time this experiment 



Fig 10 — A, this patient had lost the whole upper portion of the ear, while retaining 
the lobule and a small amount of the concha A plaster cast and photographs were made 
both of the good ear and of the affected one, so as to gage the size and contour of the 
reconstructed member 

B, though it may be impossible to create an exact replica of the opposite ear, it is most 
important to construct one of a similar size and shape Presurgical planning of all stages 
in the procedure is pal amount., 

C, two weeks after ear necrocartilage has been placed in a pocket created in the mastoid 
area A clavicular tube pedicle is now being brought up to be grafted on the posterior 
surface of the reconstructed ear and to form the contour of the helix as required 


was begun the opposite ear of the dead person fiom which this necrocartilage was 
taken v'as implanted in the patient to reconstruct a totally absent ear This ear 
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necrocartilage (fig 10) has at the time of writing been m place foi one hundred 
and twenty -four days and clinically appears well preserved 

In the thud experiment autogenous rib cartilage was placed in the nose of a 
patient and a portion from the same rib was also inserted m a pocket in the anterior 
abdominal w all At the end of two hundred and seventy days microscopic sections 
were made of each, and a study of both slides revealed little difference It has 
been the contention of many that cartilage transplanted to the nose is m a totally 
different medium than that placed beneath the abdominal wall Their logic was 
reasonable because of the presence of bacterial flora in the nose Howevei, 
our experiments (fig 7 A and B ) indicate that transplanted cartilage does not act 
differently m either area 

It v r as our good fortune to gam a piece of autogenous rib cartilage that had been 
placed beneath the abdominal wall of a patient about fourteen years ago by the 
late Dr Howard L Updegraff (fig 8) Grossly the cartilage w r as well fixed bv 
surrounding fibrous tissue, u'as firm and apparently had retained its identity It 
is interesting that bone metaplasia had occurred in several areas, as it often does 
in normal cartilage m its own habitat 

RECONSTRUCTIVE SURGERY O F THE PARTIALLY ABSENT EAR 

Partial absence of an ear, depending on the location of the missing pait, suggests 
several methods of reconstruction Should the defect be of the helix a small delay ed 
flap borrowed from the mastoid tip, with its base at the margin of the defect may 
be folded on itself The resultant law surface on the mastoid area may then 
be covered with a thick split skm graft 

Reconstruction of the ear lobule may be earned out with a rectangular delayed 
flap from the neck, raised to the ear in one stage, then later severed from its base, 
leaving it sufficiently long so that it may be folded on the posterior aspect The 
lesulting defect on the neck may be undermined and sutured m a straight line 
Dependent on the amount of tissue absent, a Gavello flap may be utilized for recon- 
stiuction of the lobule 

When the tragus is absent a delayed flap from the face, with its base posterioi 
is turned on itself, and the lesultant raw surface giafted Other small defects of 
the auricle may be reconstructed by utilizing flaps fi om the mastoid area Wherevei 
framework is necessary, struts of preseived or necrocartilage may be used 

On occasion odd cases are reported in the literature concerning the resutunng 
of a totally or partially' absent ear that has been severed and dropped to the ground 
Obviously this is an impossibility Also, eais oi portions of ears cannot be taken 
fiom one peison and transferred to another How'ever m any case in which the 
ear or part of it has been severed from the head, the cartilage, after having been 
dissected from its tissues, mav be kept in merthiolate-sahne solution and lefngeiated 
for future use 

Pi ostltcsis — \ arious methods of making artificial ears have been devised 
Bulbuhan 39 has studied the problem extensnely, using Latex Of late, plastic 
matenals hare been utilized Though the Latex is soft and pliable, its consistency 
is such that it does not offer a blending surface with the skin On the other hand, 
plastic materials are soluble m alcohol with a blending surface tend to shnnk and 
thus lar hate not been det eloped as a permanent prosthesis 

39 Bulbulnn A. H Prosthetic Reconstruction of Nose and Ear with Latex Compound, 

J \ M \ 116 1304-1506 (April 5) 1941 
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The piosthetic ear has a definite place as a temporary procedure However, as 
a lule, the patient would rather have a suigically constructed one, even though it 
is not perfect, as long as it is made of tissue and the tissue is attached to his bodv 

SURGICAL METHOD OF RECONSTRUCTING THE TOTALLY ABSENT EAR 

Picopciatmc Study — Careful photographic studies are made of the patient’s head, which 
include the good ear and the affected one for comparison Though it may be impossible to 

reproduce a replica of the good ear, the surgeon must attempt to obtain one of the same 

size and contour Often it is necessary to place the unaffected ear closer to the head bv 
removing the required ellipse of cartilage, so that it will not be too prominent in contrast 
with the reconstructed ear 

A plaster cast is made of both ears , they are studied and compared The model of the 
affected ear is then built up with clay, so as to gage the ear necrocartilage required 

Swgical Pioccduic — First Stage A curved incision about \y 2 inches (3 8 cm) long 

is made on the posterior aspect of the mastoid area The blade is carried through to 

just above the superficial fascia Through the elliptic incision the shin is carefulh under- 
mined and a pocket created that will house the future ear cartilage The flap is made as 
thm as possible and yet thick enough to carry circulation for its latent chore Thinness is 
desired so that the flap may drape itself well into the convolutions peculiar to the ear car- 
tilage, m this case ear necrocartilage Bleeding is controlled, the flap is allowed to return 
to its bed, and the incision sutured 

In two or three weeks the flap is again raised This may be repeated a third time if 
necessary, in order to obtain as thin a flap as possible, so that the skin may envelop itself 
into the interstices of the whorls of the ear necrocartilage 

Second Stage The ear necrocartilage has been previously prepared by meticulously 
removing the tissue and perichondrium A dozen small holes have been made in the body 
of the cartilage, to allow the granulation tissue to rivet through and hold it in place when 
implanted 

The thin delayed flap over the mastoid area is raised again, bleeding carefully controlled 
and the ear necrocartilage placed in its previously prepared marsupial pocket Cotton satur- 
ated with alcohol and small pieces of marine sponge are used to tuck the skin into the 
convolutions of cartilage Sulfanilamide crystals are thinly spread into the pocket, both to 
avoid infection and possibly to help create fibrosis 

A clavicular tube pedicle is started at this time Its dimensions are such that it may be 
waltzed up the neck to the ear area It is made some 4 y 2 inches (1143 cm) long and 
1% inches (3 18 cm ) wide We avoid neck tubes when possible so that no disfiguring 
scars remain The tube pedicle is severed from its anterior connection m three or four 
weeks and waltzed to a trap door on the neck In anothei three or four weeks it is brought 
to the base of the ear , in anothei month to a position of a new helix The time required 
m these cases may be shortened by moving the tube pedicle more quickly, as pointed out 
by Douglas and Buchholz 40 

Third Stage An incision is now made one-fourth inch (0 64 cm ) above the necrocar- 
tilage at its periphery and carried from the anterior-superior aspect of the ear some 3 inches 
(7 62 cm ) around posteriori v down to the fascia 

The tube pedicle is opened and allowed to inhabit itself within the incision Laterallj 
slightly away from the head, the tube is fashioned to simulate a helix, while behind the ear 
necrocartilage now serves as a thick covering 

We discarded the use of an Esser outlay to reconstruct the posterior aspect of the ear, 
as it is often disfiguring and frequently allows the ear to collapse We have not found it 
necessary to cast the ear so far away from the head but prefer to bring the opposite ear 
■closer, making the two conform 

SUMMARY 

When necrocartilage, homogenous or autogenous cartilage is implanted m the 
human being, it is probably a foreign body, but the host makes no effort to expel it 
Necrocaitilage has been refrigerated in merthiolate-saline solution for several 

40 Douglas, B, and Buchholz R R The Blood Circulation m I’cduk 1 laps Ann 
Surg 117 692-709 (Mai) 1943 
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months and then implanted m various parts of the body Healing has been iapid r 
\\ ith virtually no local reaction 

Our experiments leveal that not only is necrocartilage invaded by fibrous tissue, 
but often, too, autogenous cartilage In the cases in which the specimens of necro- 
cartilage in the abdominal wall were invaded by fibrous tissue, cartilage from the 
same specimen used for ear framework maintained its strength and identity, so that 
even though one may conclude that it, too, had been invaded with fibrous tissue, 
clinically it was serving its purpose 

Concurrently t\e have been carrying on similar expenments with rib necro- 
cartilage and implanting the specimens m bodily structui es other than ears, 1 e , 
the nose, the forehead, the jaw, the eye socket, etc , and we shall report these studies 
when the experimental work is completed 

Mj assistant, M Suzanne Postelle, RN (Mayo Clinic), helped to gam the cooperation of 
the patients, making this work possible, and my secretary Mary King, R N (Unn of Indiana), 
assisted me b\ doing editorial proof reading 
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KIDNEY 

Anomaly — Hanley 1 reports a case of horseshoe kidney and a supernumerary 
kidney and a case of a triple kidney with a horseshoe component 

He states that a supernumerary kidney is a distinct rarity in itselt Of the 
numerous cases reported as examples of this condition, many are merely instances 
of double or fused kidneys, while others are insufficiently described for accurate 
classification Only 43 authentic cases of supernumerary kidney are found in 
the literature In the majority of the reported cases the extra kidney was below the 
normal one, usually on the left side, and more often than not rudimentary The 
ureter may join its fellow or end extravesically, while the termination in mam 
cases is unstated A normal separate ureter is apparently rare 

In Hanley’s case the supernumerary kidney was above its fellow and was not 
rudimentar}'-, and its ureter was complete throughout its length, opening into 
the bladder by a separate orifice The chief interest, however, lies m its asso- 
ciation with a horseshoe kidney — a combination previously unrecorded 

In the first case the patient was a man aged 30 years who had repeated 
attacks of pain in his right loin Cystoscopy and roentgenologic examination 
showed that the lower group of calices of the right kidney were medial to the 
ureteral line, indicating a horseshoe kidney On the left side, the lower pole ot 
the horseshoe kidney was small Above this, reached through a second uretei 
was a comparatively normal-sized kidney At operation, the right kidney was 
found to be slightly enlarged, the lower pole sloping across and forming the isthmus 
of the kidney The left side was palpated, and it was found that the left half of the 
horseshoe kidney was smaller than the right and somewhat lower Above this 
was a mass which was construed to be the third kidney This was 1) mg in contact 

* The opinions and assertions contained herein are the private ones of the yarious writers 
and are not to be construed as official or reflecting the views of the Navy Department or the 
naval service at large 

1 Hanley, H G A Horseshoe and a Supernumerary Kidne\ A Triple Kidney with 
a Horseshoe Component, Brit J Surg 30 165-168 (Oct ) 1942 
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with the horseshoe kidney but was fieely movable and not connected to the left 
half of the horseshoe kidney 

The second case was that of a male child aged 3 days, who died At necropsy 
the child was found to have a complete transposition of viscera A horseshoe kidney 
was found with three pelves and three complete uieters opening into the bladder 
sepai ately 

Goldstein and Abeshouse 2 piesent 8 cases of horseshoe kidney Six of the 
patients had definite renal disease and symptoms of some nature, and 2 were with- 
out renal disease or symptoms Heimnephrectomy was performed on 2 of the 4 
patients who were operated on All the operations were extraperitoneal In 
the 4 cases observed at operation thick parenchymal tissue formed the isthmus at 
the lower poles, and the renal artery came from the abdominal aorta No 
immediate or late deaths resulted from the surgical treatment If horseshoe 
kidneys are exposed because of renal disease, hemisection should be performed 
after the pathologic process has been coirected Horseshoe kidneys that have 
small calculi in the calices should be heminephrectomized Horseshoe kidneys 
causing pain or other symptoms without renal disease should be sectioned 

Anomalous Vessels — Shupe 3 states that in numerous cases abenant lenal 
vessels have been divided for hydronephrosis with good results and with no 
necessity for any further operation In occasional cases, however, there will be 
an mfaict of such a size that nephrectomy will become necessary Shupe reports 
a case in which a large aberrant renal vessel the size of a slate pencil was divided 
without causing a renal infarct 

The patient was a girl aged 16 years who had a mass in the upper left quadrant 
of the abdomen Cystoscopic examination and bilateral pyelogiams revealed a 
large hydronephrosis of the left side with obstruction at the ureteropelvic junction 
At operation, an artery the size of a slate pencil was found coming from the aorta 
and entering the lower pole of the kidney The aberrant vessel was in direct 
contact with the ureter close to the ureteropelvic junction and acted as a sling over 
which part of the extrarenal pelvis was dependent At operation the aberrant 
vessel was divided and ligated, and the seal tissue surrounding the uretei opelvic 
junction was freed by sharp dissection The ureter then straightened out, and 
the pelvis began to empty A blanching of the posterior surface of the lower 
pole of the kidney was noted This blanching took in a third of the surface of 
the kidney Neither the pelvis nor the kidney was incised 

The patient was free from pain and tumor for fourteen days, at which time the 
pain and swelling reappeared, togethei with an elevation of temperature Nephrec- 
tomy on the left was advised and performed At the operation there was no sign of 
any difference in color or structure of the lower or upper pole One part of the 
kidney seemed just as vascular as anothei A large hydronephiosis was present, 
and the ureter and renal pelvis were bound down by a mass of adhesions These 
v ere carefully dissected fiee from the pedicle, and the kidney was lemoved 

The patient had an uneventful convalescence following nephrectomy and left the 
hospital on the thirteenth day 

Young 4 discusses Shupe’s paper on the division of aberrant blood vessels to 
the kidney The demonstration that they can be divided without the production of 

2 Goldstein, A E, and Abeshouse B S Surgical Treatment of Diseases of Horseshoe 
Kidnejs, J Urol 49 42-54 (Jan) 1943 

3 Shupe, T Dnision of Aberrant Blood Vessel to the Kidnej Without the Production 
of an Infarct, Tr Am A Gemto-Urin Surgeons 35 15-19, 1942 

4 Young, H H , m discussion on papers of Jeck and Orkin, 61 Shupe, 3 Howze and 
McKenna, Kiefer and Bronstem, Tr Am \ Gemto-Urin Surgeons 35 59-60, 1942 
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infarct is important Young employs an antenoi abdominal incision m these 
cases The incision begins at the outer side of the rectus muscle, about 1 inch 
(2 5 cm ) above the pubes, and is directed obliquely upward and outwaid to the 
cartilage of the tenth rib The incision, in fact, passes ovei the cartilage so as 
to make a longer cutaneous incision and allow wider retraction The fasciae and 
muscles are divided, and then the peritoneum is stripped back until the ureter is 
exposed at a point several inches below the kidney Following the uieter upward 
and continuing the separation of the peritoneum, the uretei opelvic juncture is 
exposed as it lies in its natural position and then the pelvis above it This affoids 
an excellent opportunity to study the pathologic changes m situ before they have 
been disturbed by freeing the kidney and drawing it far out, as must occui when 
the usual lateral oblique lenal incision is employed 

In 1 patient of whom Young showed motion pictures, a thick vascular coid 
was found passing across the ureteropelvic junctuie to the lower pole of the kidney 
Associated with it were pronounced adhesions, which were divided Above the 
vasculai cord, the ureter was much kinked, and it entered the pelvis beneath the 
vascular cord Although the adhesions weie tieed, the considerably dilated pelvis 
did not empty itself until the vascular cord had been elevated, triply clamped and 
divided Immediately after this, the ureter straightened out and peristalsis began 
The motion picture beautifully demonstrated successive peristaltic waves which 
started in the pelvis as it gradually emptied and passed down the uretei opelvic 
junction and along the ureter These were so active that the ureter actually was 
seen to move and twist, almost like an earthworm Investigation showed that no 
stricture of the ureter was present, only a thinning of the wall at the point where 
it was compressed by the vascular cord After division of the cord, a small area of 
the lower pole of the kidney turned bluish black The rest of the kidney appeared 
normal 

In cases such as this, it is not necessary to isolate the lateral, upper and 
posterior surfaces of the kidney at all At the ureteropelvic juncture any pathologic 
conditions which may be discovered can be attacked, often at once, without disturb- 
ing the kidney m its bed or isolating the vessels of the pedicle In cases in which 
the obstruction is due to aberrant vessels, one almost always finds that they pass in 
front of the ureter This is another argument for the anterior incision which is 
also applicable in cases of kinks or strictures and is particularlv appropnate when 
the Y-V plastic operation is carried out If it is desirable to perform nephropexy, 
no difficulty is experienced in isolating the kidney and carrying out an appropnate 
technic through this same incision When it is desirable to expose the ureter 
well down toward its lower end, the anterior incision has much to recommend 
it, inasmuch as one can easily follow the ureter down to its juncture with the bladder 
and perform complete nephroui eterectomy through one incision The anterior 
incision is also of great advantage when m dealing with wounds and other types 
of traumatism it is desirable to explore the peritoneal cavity and perhaps operate 
on other viscera, as is often the case in war surgery 

When this technic is employed, Young provides drainage through a stab wound 
over the crest of the ilium This gives direct retroperitoneal external dependent 
drainage, which is always desirable for a few days If one wishes to drain the 
lower end of the ureter, another Penrose dram oi tube may be brought out through 
the lowei angle of the oblique abdominal incision 

Tttmoi — Grauhan and Hellnegel 5 state that the infiltration of renal tumors 
tlnough the anatomic capsule is fairly common but that a complete bursting oi 


5 Grauhan and Hellnegel Berstende Nierentumoren, Ztschr f Urol 35 409-417, 1941 
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the growth is rare This extraordinary complication has, clinically and anatomically 
an acute explosive character and causes complete destruction of the tumor 

They report 2 cases of this type At the onset there are signs of acute abdominal 
disease with heavy pains in the renal region and m the hypogastnum In some 
cases conditions suggest extensive abdominal hemorrhage, and it may be impossible 
to make the diagnosis except by laparotomy Early nephrectomy is the only 
satisfactory treatment At the operation there is usually extensive hemorrhage in 
the perirenal tissue, starting from a wide crater m the malignant region m the 
kidney Pieces of tumor tissue of various sizes are usually found scattered in all 
directions by the vigorous blood stream In both leported cases the tumor was an 
angioliposarcoma, a combined neoplasm of connective tissue charactei Epithelial 
constituents were usually not found Unlike malignant sarcomas of the kidney, 
these angioliposarcomas are rather benign In some leported cases, no recurrence 
had been found seven years after operation The authors suggest a relation of this 
condition with tuberous sclerosis of the cerebrum, a disease in which a similai 
type of combined lenal tumor is found in a large percentage of cases 

Hale and Burkland 6 state that renal tumors usually produce symptoms which 
may be misinterpreted because they are not directly referable to the genitourinary 
system Urinary findings may be scant or completely absent A normal urine 
does not rule out the presence of renal tumor The classic triad — palpable tumor, 
hematuria and pain — is a late manifestation and is of no value in the early diagnosis 
of renal malignant lesions Distant and multiple metastatic growths are frequent 
These may give rise to symptoms before the primary growth Hematuria is the 
most important and frequent symptom of renal tumor Among elderly male 
patients the presence of gross hematuria involves a differential diagnosis between 
renal neoplasm and benign prostatic hypertrophy In the diagnosis of renal 
neoplasm, one must consider all the facts contributing to the diagnosis and not 
place too much reliance on such isolated findings as are revealed by pyelograph) 

Bugbee 7 discusses adenoma of the kidney with associated lesions, reporting 
3 cases He states that adenoma of the kidney is usually small and may be single oi 
multiple, it may be grayish or yellow and appears in the cortex just beneath the 
capsule, as in the first 2 cases here reported Large adenomas are exceedingly 
rare Adenomas of the kidney are essentially benign, but the dividing line between 
normal epithelium and adenoma, or between adenoma and carcinoma, may often 
be difficult to define The small, often multiple, adenomas are sharply demarcated 
and consist of a mass of small tubules packed closely together, showing no 
glomeruli A part or all of the cells may be arranged in groups which have no 
lumens, or the ducts may be dilated and show epithelial hyperplasia or papillary 
projections In another type designated as alveolar, the pattern may simulate 
adrenal rests, a fact which has given rise to much discussion as to its pathogenesis 
In this type the cells are cuboidal or cylindric They may be granular and free 
of fat, or they may contain a large amount of fat 

The first case was of a man aged 43 years who gave a histoiy of pain in the left 
flank twenty years before Nephrectomy was done on the left side The kidney 
w as three times normal size , there was a sharp kink m the uretei at the uretero- 
pelvic junction, and a large anomalous vessel passed to the upper pole Pathologic 
examination revealed hydronephrosis and adenoma of the kidney 

6 Hale, N G, and Burkland, C E Unrecognized Renal Tumors A Study of Fifty- 
Four Cases m 6,577 Autopsies, and Personal Cases, J Urol 49 426-431 (March) 1943 

7 Bugbee, H G A.denoma of the Kidney with Associated Lesions Report of Three 
Cases, Tr Am A Gemto-Urin Surgeons 35 97-108, 1942 
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The second case was a woman aged 57 years who complained of intermittent 
attacks of hematuria of seveial hours’ duration, which wei e so severe that she was 
left exhausted Cystoscopic and roentgenologic examinations showed the light 
kidney to have deficient function the urine from this kidney contained blood and 
pus cells and roentgenograms showed the pi esence of two renal calculi , the findings 
foi the left kidney weie nonnal The light kidney was lemoved and found to be 
largely destroyed and p\ onephrotic In the upper pait of the wall of the pio- 
nephi otic sac thei e was a yellow ish tumor 3 5 cm in diametei and 2 5 cm in 
thickness The histologic stiucture was that of an adenoma 

In the thud case, a man aged 54 years complained of a constant aching pain 
in the light costoveitebial angle which had been present for three weeks and of 
occasional backache for several years Cystoscopic investigation revealed a function- 
less light kidney and a normal left kidney The right kidney was removed and 
found to be twice normal size It contained a mass about 4 cm in diametei The 
diagnosis was papillaiy adenoma of the right kidney with tuberculous abscess of 
the lower pole 

Bugbee concludes that it seems probable that adenomas of the kidney occm 
most frequently late m life, m kidneys wduch are the seat of vascular disease, a 
cncumstance which suggests that adenomas are the result of proliferative reaction 
on the part of the tubules which have been cut off fiom the primal y blood supply 
as m hydronephi otic sac, pyonephiosis oi infection, such as tuberculosis Small 
adenomas will seldom give rise to symptoms but should be borne m mind as a 
possibility when one is dealing with anv case of hydronephrosis oi lenal cyst 

Cysts — Fistei s gives four convenient classifications of renal cysts simple 
solitary seious, hemorrhagic, small multiple and multiple, including multi loculai 
Simple serous cysts may be congenital or acquired, and the mechanism of production 
is piobably the same They may be present at any age and are perhaps more 
fiequent in the male than in the female sex The ongin is most commonl) 
parenchymal, the location is usually unilateral, and the loivei pole is more frequently 
involved than the upper Localizing symptoms may be absent, or there may be 
seveie lenal colic Diagnosis is chiefly dependent on roentgen findings, although 
it is not always possible to make a preopeiative differential diagnosis Good 
pyelogiaphy and intravenous urogiams aie the best diagnostic aids In the absence 
of associated lenal disease and if the cyst is not too large, excision is the method 
of choice Nephrectomy is indicated when concomitant renal lesions exist 

Rathbun 8 9 discusses polycystic disease of the kidneys A study of a gioup of 
cases of this condition has led him to believe that the prognosis as to longevity is 
perhaps a bit better than is commonly supposed, that a fair proportion of the patients 
piesent symptoms of interest to the urologist and that a few r may be subjected to 
operation with a reasonable expectation of improvement and prolongation of life 
He believes that there are two tairly distinct types of this disease One is noted 
m newborn infants, while the other, the type most commonly discussed, develops 
m middle oi late adult life Occasionally it is reported as present in the newborn 
and more fiequently as occurring in persons in the fifth and sixth decades, but it is 
practically never noted m persons m their teens and seldom m young adults 
While of course it is quite possible that these two types may represent diflerent 
degrees of the same condition, the gross appearances and the histologic pictures plus 

8 Fister, G M Simple Serous Cysts of the Kidne\, J Urol 49 408-414 (March) 1943 

9 Rathbun, N P Random Thoughts on Pohc\stic Disease of the Kidne\s, Tr \m 
A Gemto-Unn Surgeons 35 131-145, 1942 
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the age incidence suggest that they may well have different embryologic back- 
grounds 

Rathbun’s paper is based on a study of 16 cases observed over a penod of fifteen 
years, plus 1 case observed previously and included because of its particular 
interest Of these 17 cases, 8 were recognized clinically but did not come. to 
necropsy, 9 were found at necropsy, and m some of these the diagnosis had been 
assumed but had not been definitely determined The age incidence of the entire 
senes was as follows Seven patients were infants, either stillborn or m the neo- 
natal period The youngest adult was aged 20 years Another patient was aged 
38 years The remaining 8 were in their fourth, fifth and sixth decades, the oldest 
being aged 69 years The average age of the adults was 51 7 years 

In 5 of the 9 cases in which necropsy was performed, other congenital anomalies 
were noted They included congenital cystic liver, absence of the left kidney and 
the left testicle and congenital deformity of the anal orifice In 14 of the cases 
polycystic kidneys were proved to be bilateral In 1 case of unilateral polycystic 
kidney there was absence of the remaining kidney, while in another the presence 
of polycystic disease m the contralateral kidney was suspected but not proved In 
still another case polycystic kidney was noted in one half of a horseshoe kidney, 
the other half being perfectly normal Two pairs of sisters were noted among the 
infants, 1 pan occurring m consecutive pregnancies 

With one exception the pathologic picture in the postmortem specimens for the 
newborn infants was typical The kidney or kidneys were enormously enlaiged 
almost filling the abdomen On microscopic examination the kidneys were found 
to consist almost entirely of interstitial fibrous tissue with only an occasional tubule 
and glomerulus, and all of those were grossly deformed 

Of the 10 adults studied clinically, 4 were constantly hypertensive, 3 were inter- 
mittently hypertensive and 1 had normal blood pressure Two were definitely 
hypotensive It is generally understood that hypertension is part of this disease 
Of the 8 patients in the adult group whose disease was recognized clinically, 5 were 
subjected to Rovsmg operations In 3 of the 8 clinical cases there were no urologic 
opeiations One adult was alive and in fair health seven years aftei the diagnosis 
of bilateral polycy stic disease was made Another adult lived foi one year and died 
from renal insufficiency In a third adult the polycystic kidneys were recognized 
during an exploratory laparotomy At the time no operative treatment was carried 
out because the patient’s condition was considered critical The patient died three 
months after laparotomy 

Herman, 10 in discussing Rathbun’s paper on polycystic disease of the kidney, 
states that dui mg the last year he has had 3 cases m which the condition was not 
recognized until operation, which rather changed his opinion that diagnosing poly- 
cystic disease was a fairly simple matter Two of the patients were Negroes, one 
an old woman and the other a man aged about 35 Both of them had large tender 
masses on one side , pyelograms of the other side showed a normal condition Her- 
man thought the cases were clearcut instances of pyonephrosis, but exploration 
showed poh cystic kidney The disease is bilateral undoubtedly, but in these cases 
on the apparently" unmvolved side the defect had not progressed to a point at 
which it vas demonstrable The third patient was a woman aged 65 years 
who had come for examination two years before the time of the report, suffering 
from hematuria Herman discovered that she had a large congenital single kidney 
There i\as no ureter on the opposite side, and the trigone here was undeveloped 

10 Herman, L m discussion on papers of Hocli, Rathbun, 9 Smith and Strasberg, 30 Hamer 
and Mertz 4i and Ormond, Wadsworth and Morle>, 1 r Am A Gemto-Urin Surgeons 35 IS3 
184, 1942 
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A secretory urogram was made which showed a defect suggesting a neoplasm The 
patient went home, and Herman had forgotten all about her when more than two 
years later her physician called up and said she had had a sudden severe pain m 
the right loin three days befoie, which was followed b) hematuria and anuria She 
was semicomatose when brought to the hospital Her ureter was cathetenzed, 
some heavily concentrated letamed urine was drained off, and her renal function 
was slowly restored After about tw'O weeks of catheter drainage, her concentra- 
tion of urea came down from 70 mg per hundred cubic centimeters of blood to 
normal, then Herman did a letrograde pyelogram Her kidney was displaced 
outward and was rotated so that the medial border was pointing forward partiall} 
The stereoscopic study showed the ureter projected forward, and the deformity 
did not suggest polycystic disease It had the usual features of back pressure 

Surgical exploration then w r as performed A cyst about as big as a walnut was 
found on the convex border slightly anteriorly, together with four or five smaller 
cysts, and at the lower pole of the kidney there was a cyst about the size of a large 
orange A sudden hemorrhage had occurred into this, pushing the ureter forward 
and kinking it, this was the obvious cause of her difficulty Herman opened 
the cyst and, fearing he might precipitate a hemorrhage, removed only part of 
the blood clot and put a drain in The patient had an uneventful recovery She 
w'as entirely well at the time of discussion 

Ruptwe — Ferrier and Knigge 11 review 137 cases of ruptured kidney There 
were 37 deaths, or a mortality rate of 27 per cent Six of these occurred in 
patients who had received stab or gunshot wounds through the kidney, although 
the cause of death was peritonitis due to associated mtra-abdommal injury The 
other 31 deaths were in the group of patients who had suffered associated multiple 
visceral or skeletal injuries, of which the renal trauma was only a minor part The 
pathologist gave importance to renal hemorrhage in only 5 of these cases If one 
considers merely these 5 cases in which renal hemorrhage was mentioned by the 
pathologist as a cause of death and excludes the rest of the 31, it leaves 5 deaths 
in a total of 1 1 1 cases, a mortality rate of 4 5 per cent Even m these 5 there 
were other grave injuries at least as important as the renal injury 

There were 24 cases of moderate trauma, in these all the patients recovered 
without surgical intervention 

In 69 cases of extensive ruptuie of the kidney, many with extravasation, all the 
patients recovered Twelve received surgical treatment 

There were 13 cases of stab and gunshot wounds of the kidney with 6 deaths 
due to intra-abdormnal involvement No attempt at repair of the kidney had been 
made in the cases m which recovery occurred 

Of 31 cases of severe general injuries, injury of the kidney was named as 
the cause of death m only 5 Because of associated grave injuries, it is doubtful 
if surgical treatment directed to the kidney would have done other than hasten 
death 

Foicign Body — Boemmghaus leports the case of a man who had a foreign 
body in the renal pelvis Ten years before, the patient swallowed some pieces of 
metal A few of them were eliminated by the intestinal tract, and a few were 
removed by laparotomy Three years later lie had a perinephric abscess on the 
right side, and six years after this there w r as chronic purulent unilateral pyelo- 
nephritis on that side Roentgen examination showed a large triangular stone m 
the right pelvis in which were embedded two metallic foreign bodies Nephrectonn 


11 Ferrier, P and Knigge, W Ruptured Kidne>, J Urol 49 457-459 (March) 1943 

12 Boemmghaus, H Fremdkorper m Nierenbechen, Ztschr f Urol 36 86-89, 1942 
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was carried out but was extremely difficult because of extensive adhesions Hie 
pathologicoanatomic examination revealed that the metallic body had passed through 
the wall of the duodenum into the peritoneal region and had caused the perinephric 
abscess The metallic body then passed into the right kidney at its upper pole, 
migrating to the pelvis, after which the renal stone was built around the bod\ 
which formed the nucleus 

Stone — Egger 18 discusses the problem of recurrence of stone He states that 
it is difficult to influence the different chemicophysical factors of the urine, such as 
colloidal production and surface tension The danger of recurrence is four times 
greater in cases of operative removal of the stone than in cases m which it has 
been eliminated by conservative measures through the natural passages Egger 
believes that the deciding biologic factors of recurrence occur in the first few days 
after operation This is due to diminished output of urine caused by diminished 
arterial circulation, which m turn is the result of frequent subcapsular hemorrhages 
and postoperative edema of the parenchyma Diminution of the urinary output 
gives a high specific gravity of the urine which disposes to fresh crystallization of 
renal concretions Egger suggests decapsulation and denervation to counteract 
these factors 

Egger reports 3 cases of operative removal of renal stones m which decapsulation 
and denervation of the involved kidney had been carried out This was done on 
the basis that by decapsulation the compression of the arterial blood supply is 
reduced By denervation, the vasoconstrictor factors are eliminated This causes 
an increased arterial flow to the kidney and an increased production of urine 
with a low specific gravity, also a favorable influence on the opposite kidney b\ 
elimination of certain renorenal reflexes is probable 

Nephiotomy — Barelare and Vest 14 describe a new method of closure after 
nephrotomy which eliminates postoperative hemorrhage and reduces strangulation 
of cortical tissue to a minimum The nephrotomy opening is closed with a form 
of mattress suture, the free ends of w'hich are bi ought to the outside through the 
skm of the flank, where they are put under moderate tension by attachment to 
rubber bands The tension is released shoitly after operation by detaching the 
rubber bands Thus the renal tissue is not strangulated by permanent ligatures 
In case of primary or secondary hemorihage, bleeding from the cortex can be 
easily controlled by reapplying the tension The results of the use of this method 
m the repair of nephrotomy wmunds w r ere studied m the dog Kidneys sutured in 
this manner did not suffer as much cortical damage as those sutured with con- 
ventional permanent sutures, as evidenced bj study of corrosion models of the renal 
circulation 

Counterbalance — Hmman 15 defines the condition ot renal counterbalance 
Experiments with renal resection demonstrate that compensatory hypertrophy is 
the result of stimulation and that equivalent portions of separate renal masses 
respond similarly irrespective of any disproportion of size Glomeruli and tubules 
of the small renal remnant become hypertrophied to the same degree as those of 
the larger renal mass The functional contribution of each will increase in 
proportion to this compensatory growth 

13 Egger, K Decapsulation und Entnerv ung als Erganzung zu den organerhaltenden 
Emgriffen bei Nierenstem und lhre Bedeutung fur die Prophylaxe des Ruckfalls, Ztschr f 
urol Chir u Gjnak. 46 184-198, 1942 

14 Barelare, B , Jr and Vest, S A The Use of Elastic Tension Sutures in Nephrotonn 
Wounds, J Urol 49 60-6S (Jan ) 1943 

15 Hmman, F The Condition of Renal Counterbalance and the Theori of Reml Atroph' 
oj Disuse, J Urol 49 392-400 (March) 1943 
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Experiments with the repan of h\ dronephrotic kidneys demonstrates that renal 
tissue injured by urinary back pressure has a remarkable capacity for repair , that 
this potency is enhanced by stimulation or the need of repair through renal insuf- 
ficiency and is shown at its utmost when the demand is gradually increased, that 
inhibition of activity by such complicating factors as infection and imperfect relief 
of obstruction will affect the degree of repair and of hypertrophy as well as their 
permanence, and that a repaired hydronephrotic kidney disabled in any way by 
degenerative changes will atrophy progressively, and total function eventual!}, will 
be taken over by the healthy, more capable compensatory mate 

A true condition is defined by the conception of renal counterbalance as the 
bilateral adjustment to a permanent status of carrying total function after the 
removal of injury or disease The probable renal changes (of repair, of hjper- 
trophy and of atroph}) and the simple principles (related to the potentials of 
functional stimulation and renal reserve power) by which these changes consummate 
a counterbalance should be considered fully m every clinical problem of renal 
repair and restoration of function 

PYELOURETERAL CHANGES IN PREGNANCY 

Van Wagenen and Jenkins 1C state that some dilatation of the ureters and renal 
pelvis usually exists m the latter half of pregnancy m the rhesus monkey The 
first evidence of change of the tonicity of the urinary tract is stasis A slower rate 
of excretion of the intravenously injected agent and the possibility of, visualizing 
a longer column of fluid indicate the appearance of atony as early as the second 
month Dilatation of the upper part of the urinary tract can develop after the 
removal of the fetus if the placenta remains functional When established at 
the time the fetus alone is removed, the dilatation will persist and even increase 
before spontaneous expulsion of the placenta at term The distention of the 
ureter and renal pelvis occurs more often and is more marked on the right side 
than on the left, as m man, and may be bilateral Lengthening of the ureters is 
also present m the monkey, but to a less degree Although there may be a residual 
increase of size of the ureter after one pregnancy, there appears to be no definite 
progressive injury to the ureter as a result of repeated gestation per se The 
greatest dilatation is tound in the first pregnancy, and there is a tendency toward 
decrease of size of dilatation m each succeeding pregnancy Although the “h)dro- 
ureter of pregnancy” depends on the endocrine function of the placenta, it was 
impossible with estrogens, m the amounts used, to reduce existing dilatation m 
late pregnancy or to speed up postpartuntional regression, nor was premature 
dilatation induced with progesterone 

Van Wagenen and Jenkins conclude that physiologic hydroureter of pregnancy 
is dependent primarily on the preservation of the endocrine functions of the placenta 
There appears to be no definite progressive injury to the ureter as a result of 
repeated pregnancy The dilatation is of greatest size m the first pregnancy, and 
there is a definite tendency to decrease in each succeeding pregnancy If such 
conditions exist m man, infection should be less frequent after the first pregnancy 
The estrogens and progesterone failed, in the amounts used, to influence dilatation 

MacLean and Deming 17 state that the incidence of pyelonephritis m pregnane} 
diminishes with each successive pregnancy Two thirds of all the infections occurred 
in the first and second pregnancies The incidence of infection increases each 

16 \an Wagenen, G, and Jenkins, R H Pyelo-Ureteral Dilatation in Successn e Preg- 
nancies, J Urol 49 228-235 (Feb) 1943 

17 MacLean, J T, and Deming, C L The Incidence of Pyelonephritis in Successn e 
Pregnancies, J Urol 49 236-241 (Feb ) 1°43 
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month, with the maximal occurrence at the fifth and sixth months of pregnancy 
This parallels the incidence of occurrence of dilatation of the ureter Both parallel 
exactly the increased excretion of estrogen and corpus luteum hormone by the 
placenta during pregnancy 

Bacilli of the colon group were the commonest infecting organisms, and staphylo- 
cocci the next commonest The bacteria from cultures agreed with those of stained 
smears in 72 per cent of the cases The bacteriology of bacillary infections, includ- 
ing a review of the literature, has been reported by Sandholzer and Scott 

Pyogenic infection of the urinary tract occurring during pregnancy is not, in 
MacLean and Demmg’s opinion, an indication per se for abortion There is no 
association between the month of pregnancy at which the infection occurs and 
the ability to reach term, provided that conservative treatment is used By using 
conservative treatment, 85 per cent of the patients were carried to term or until 
the fetus became viable, and of these 90 per cent were delivered of living babies 
That pyelitis practically never exists without pyelonephritis is accepted as 
established In MacLean and Demmg’s experience, a considerably reduced excre- 
tion of plienolsulfonphthalein is absolute evidence of pyelonephritis 

The incidence of hypertension m the group of infections associated with preg- 
nancy was 27 per cent and no higher than that which occurred in any group of 
cases of pyelonephritis not complicated by pregnancy 

An acute infection of the upper part of the respiratory tract immediately pre- 
ceded the onset of the urinary infection in many of the cases Dilatation of the 
ureter was likewise a common finding 

Mandehc acid and the sulfonamide compounds were found to be the most 
effective drugs m combating urinary infection The range of organisms for which 
they were effective was greater than that of any other single drug used 

Irrespective of the month of onset of the infection, treatment was given until 
the patient was either “cured” at term or delivered In only 25 per cent of the 
cases were the patients “cured” at term, yet within two weeks of emptying 
the uterus, 90 per cent of the patients were asymptomatic and free of infection 

URETER 

Stone — Kastner 18 recommends the vaginal removal of ureteral stones which 
are in the lower end of the ureter In cases of a palpable stone the operation is 
not very difficult Kastner stresses the importance of careful suture of the ureter 
after removal of the stone In those cases in which there is considerable infection 
of the urinai y tract, this operation should not be carried out, as it fairly commonly 
results in the formation of a ureterovaginal fistula In suitable cases Kastner 
covers the ureteral suture with a fatty fascial flap 

Dilatation — Lejh 10 discusses gigantic dilatation of the ureter and reviews the 
development of the normal ureter In most cases dilatation of the ureter arises 
from mechanical or functional disturbance of the outflow as well as by abnormal 
development Precise discrimination between secondary dilatation and the true 
gigantic ureter or megaloureter is sometimes difficult to make In order to make 
the diagnosis of megaloureter, definite changes m the ureter itself must be found, 
such as irregularity m the construction of the ureteral wall (fusiform or segmental 
forms), hypertrophy of the muscularis and simultaneous dilatation of the lumen 
and a marked increase of the connective tissue elements 

18 Kastner, H Zur \agmalen Ureterotomie, Ztschr f urol Chir u Gynak 46 111-116, 

1941 * „ , n 

19 Lejh, K Ueber den Riesenharnleiter und seine Entstehung, Ztschr f Urol 36 37-6U, 

1942 
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Ley h reports 5 cases of megaloureter and concludes that the hypothesis of 
Bard is the most probable one — that as a result of a congenital weakness of the 
ureteral wall the ureter cannot resist the normal or physiologic pressure of 
the outflowing urme, the result being an earl) dilatation and hypertrophy ot the 
wall The fact that one often finds other abnormalities, such as hypospadias, 
phimosis and anomalous types of kidneys, m association with megalouretei sug- 
gests the embryonal origin of that condition 

Intubated U'tcteiotomy — Davis 20 discusses a new operative procedure for 
ureteral and ureteropelvic stricture — intubated ureterotomy His work on this 
subject was prompted by the results m a case of urethral stricture After the 
scarred, diseased tissue was laboriously dissected away, there were left a huge 
hole in the perineum and a narrow ribbon of urethral wall, repiesenting a part of 
the roof of that organ, bridging a gap in the urethra a good 1 34 inches (3 2 cm ) 
long A catheter was left in the urethra, after which the uiethial mucosa spread 
around the catheter and completely filled in the gap 

Davis applied this same principle m 5 cases of ureteral stricture which he 
reports 

In the first case a stricture was found in the uppei pait of the ureter, w Inch 
was cut through m an effort to obtain a small stone m the kidney A no 12 
rubber catheter was brought down through the nephrotomy opening into the uretei 
The ureter was closed loosely about the catheter, but a considerable defect lemamed 
at the point of the stricture The catheter was left m for two weeks Later it 
was found that the persistent narrowing in the upper pait of the uretei was 
entirely obliterated and the patient did not have any further pain in his kidney 
In the second case the patient had a stone which extended into the uretero- 
pelvic juncture At operation the ureter was found encased m a thick mass of fat 
The ureter was definitely narrowed below the kidney A rubber tube was passed 
down the ureter 10 cm and brought out through a small nephiotomy incision No 
ureteral sutures were used, and the tube was exposed in the ureterotomy opening 
The tube was removed accidentally on the tenth day, but the wound healed with- 
out trouble A month later the patient was well 

In the third case there was a marked stenotic area just below the ureteropelvic 
juncture A no 12 bulb could just be forced through the stnctured aiea The 
ureter was incised longitudinally over a larger bulb, and a rubber tube, no 14 F 
was passed down below' the area of incision m the ureter A large portion of the 
tube was exposed and the ureter was not closed ovei this The incision healed 
by first intention around the tube A study of later roentgenograms showed a 
good result 

The remaining 2 cases w'ere somewhat similar, unbridged areas in the ureter 
being left without sutures and good results being obtained 

In intubated ureterotomy', no effort is made to draw the tissues into a new 
form, and no sutures are used The operation depends on the physiologic repair 
processes of the tissues The splint is a mold on which the tissues, by their own 
proliferation, reform the ureteral channel in normal size and shape It must be 
left m place, therefore, until this proliferation is completed and the new’ channel 
is lined by epithelium 

In the use of a ureteral or ureteropelvic splint, the size ot the splint, its shape 
and the length of time it is left m place are the most important points Dau* 
believes that many tubes used as splints ha\e been too small It seems reasonable 

20 Davis, D M Intubated Ureterotomj \ New Operation for Ureteral and Utcro- 

pchic Stricture, Surg Gmee &. Obst 76 513-523 (Ma%) 1943 
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that a tube used foi this purpose should be as laige as will enter the uncut or 
presumably nonnal, part of the ureter without fitting so tightly as to cause ischemia 
of its wall It may well be that specially shaped splints, including perhaps conical 
ones for the ureteropelvic junction, will prove to be useful If a splint is with- 
drawn too soon, it will fail of its purpose The allowance of time for the tissues 
to reconstruct themselves about it should be generous, erring on the side of too 
long rather than on the side of too short Thiee weeks may be enough but should 
be regai ded as a minimum It will seldom be necessary to leave a splint in place 
more than four or five weeks 

Uictnal Transplantation — Reimeis- 1 discusses the question of ureteral trans- 
plantation He states that the mortality late is extremely high In the review of 
1,360 cases in which operation was peifoimed, he found 348 deaths (26 per cent) 
More than 60 per cent of the deaths were due to ascending infection of the kidneys 
following opeiation, 30 per cent were due to postoperative peritonitis 

Reimers reports a series of experimental transplantations in 150 dogs He 
states that the results are much more satisfactory m human beings than m dogs 
and gives the combined results of his animal expei imentation and his clinical cases 

The peritonitis does not result from an imperfection of technic but front an 
unavoidable biologic process , that is, transverse section of the ureter results m 
necrosis of the stump, which may vary from a few' millimeters to several centi- 
meters and which m some cases may even involve the mtraperitoneal part of the 
uieter This necrosis of the stump is not caused by disturbance of the circulation 
but is secondary to a necrotic inflammation caused by the intestinal bacteria The 
necrosis is also increased by the retraction of the ureteial stump which results 
fiom peristalsis The necrosis also initiates the ascending renal infection The 
necrosis of the uteter also causes ureteral obstruction, and three to five days after 
the operation one usually finds that there are hydroureter, hydronephrosis and 
ascending pyelonephritis, which may be followed by uienna and death Reimers 
advises splinting of the anastomosis with a ureteral catheter in some cases, although 
he states that this may cause an eaily incrustation and blocking of the ureter 
especially in the presence of infection In some cases nephrostomy or pyelostomy 
may be advisable to prevent these complications In the majority' of cases good 
results are obtained at the onset, but a cicatrization of the outlet may develop, 
especially when the necrotic stump of the uretei sloughs off inside the oblique 
channel 

Reimers discusses his own method of uieteral transplantation The uretei is 
implanted in the shortest possible way, and the oblique channel method is not 
used He plants the ureteral stump in the intestinal wall between the muscularis 
and the mucosa and surrounds it by a thin ring of nonoxidizable steel wire The 
wound is cotered bv a peritoneal flap Latei the ureter is cut through bv means 
ot tbe steel wire through the resectoscope, with an electric cautery The opening 
irom the ureter is also increased by the use of a specially constiucted pair of 
scissors through the resectoscope 


BLADDER 

Tumoi — Abeshouse 2 - collected records of 26 cases of carcinoma in exstiophy 
of the bladder and added 1 personal case Adenocarcinoma was the type of tumor 
encountered in 21 of the 27 cases 

21 Reimers, C Das Problem der Harnleiterverpflanzung in den Darm, Ztschr f urol 
Chir u G>nak 46 71-110, 1941 

22 Abeshouse, D S Exstroph\ of the Bladder Complicated b\ Adenocarcinoma of the 
Bladder and Renal Calculi, J Urol 49 259-289 (Feb ) 1943 
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Exstrophy of the bladder and epispadias can lie best explained on the basis 
of defective embryonic development The most satisfactory explanation is that 
exstrophy is caused by mesodermal deficiencies resulting from faulty development 
of the mesodermal mass which originates from the caudal margin of the embryonic 
shield and the caudal end of the primitive streak and gives rise to the ventral 
abdominal wall, genital papilla, symphysis pubis and muscular coat of the bladder 
The best results in the treatment of exstrophy of the bladder are obtained by 
transplantation of the meters to the rectum combined with excision of the 
exstrophied bladder 

There is much histologic evidence to show that the mucosa of the normally 
developed and exstrophic bladder may undergo metaplastic changes as a result of 
chronic inflammation, irritation or obstruction 

Cystitis cystica and cystitis glandularis develop by a process of metaplasia of 
the epithelium of the bladder which passes through successive stages, that is, cell 
nests of Brunn, cystitis cystica and cystitis glandularis The formation of lumens 
and glandular elements within the cell nests appears to involve an active secretory 
process rather than a degeneration of the central cells 

Cystitis cystica and cystitis glandularis are relatively common lesions but are 
frequently overlooked or not recognized by the cystoscopist or pathologist They 
are benign lesions but must be considered potentially malignant, for they serve as 
the origin of adenocarcinoma in the normally located or the exstrophic bladder in 
a manner analogous to the development of squamous cell carcinoma from leuko- 
plakia 

There is little evidence to support the contention that adenocarcinoma of the 
normally situated or exstrophic bladdei is due to embryonal displacement of 
cloacal or intestinal epithelium, except in cases of tumors in the urachal area of 
the bladder 

Sumner and Gaynor 23 report 2 cases of adenocarcinoma of the bladder Various 
hypotheses in regard to their origin have been discussed The first case is best 
explained by an error of embiyologic development or association with the urachus 
In the second case the lesion, because of its location on the trigone, might be the 
result of metaplasia or a proliferation of aberrant glands, but an origin similai to 
that in the first case is also possible 

Kirwin 24 states that vesical papillomatosis is the term applied to a condition 
of the bladder wherein multiple papillomas appear on the mucosa Histologicallv 
it does not differ from sohtaiy growth of the same structure 

Though recognized clinically for moi e than a century , papilloma of the bladder 
was regarded as primarily malignant and seldom cured until early m the twentieth 
century, when the high fiequenct current gave a treatment which pioduced some 
chncial cures, though it yet was far from entirely satisfactoi \ 

Kirwin believes that vesical papillomatosis is due to a urus His hypothesis 
has received support and confirmation in the work of Wile and Kingery on the 
etiology of common w'arts and the more lecent demonstration of Beard and his 
co-workers at Duke University that a “specific material” exhibiting the biologic 
characteristics of the virus responsible for rabbit papilloma could be obtained from 
extracts made from the growths themselves 

In accordance with this conception, Kinvm undertook the treatment of vesical 
papillomatosis m 4 cases by excision of the growths with the wire loop electrode, 

23 Sumner, W A, and Gainor, E P Goblet-Cell Adenocarcinoma of the Urinarj 
Bladder Report of Two Cases, J Urol 49 419-425 (March) 1943 

24 Kirwin, T J Papillomatosis of the Bladder New Conceptions of Etiologa and 
Treatment J Urol 49 1-13 (Tan ) 1943 
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cauterization of the bases with the ball electrode and sterilization of the mucosa 
of the bladdei b} application of a 50 per cent solution of phenol in glycerin, fol- 
lowed by 95 per cent alcohol, when the solution of phenol has been m contact with 
the mucosa for about three minutes 

In a discussion of carcinoma of the bladder and the importance of recto- 
abdominal palpation with the patient under anesthesia in the selection of cases foi 
total cystectomy, Jewett 26 states that during the past two years he has carried 
out ureteral transplantation on 31 patients, 26 of whom had extensive cancer of 
the bladder The majority of these 26 patients had been under conservative treat- 
ment elsewhere for many months, sometimes years, before they were referred for 
cystectomy In 15 cases he was impressed with the fact that palpation of the bladdei 
from within the peritoneal cavity at laparotomy revealed a much larger tumor 
than had been suspected on cystoscopic examination The second stage of this 
operation has been carried out m 20 cases, but has been combined with cystectomy 
in only 16 

In 4 of the series of 26 cases of extensive carcinoma of the bladder the con- 
dition was found to be inoperable at laparotomy, and in 4 others recurrence oi 
metastasis developed after cystectomy It is apparent, therefore, that the usual 
methods of examination are inadequate to establish operability 

For practical purposes it is necessary to have a simple woikmg classification 
which is based on the answer to the two most important questions of all 1 Has 
the tumor invaded the bladder muscle' 1 2 Is it operable ? For determining the 
most appropriate treatment, Jewett separates tumors of the bladder into three 
groups 

Group 1 includes the noninfiltrating tumois Cystoscopic examination estab- 
lishes the diagnosis for this group If, however, the intravesical mass is large and 
its base not well visualized, so that the possibility of infiltration cannot be excluded, 
subsequent rectoabdommal palpation with the patient under intravenous or spinal 
anesthesia should be carried out, usually just before endovesical destiuction of 
the tumor 

Group 2 is made up of infiltrating tumors completely confined to the wall 
of the bladder If in the absence of marked vesical symptoms cystoscopy should 
be undertaken with the patient under local anesthesia, the appearance of the tunioi 
and the surrounding vesical mucosa will suggest at least some infiltration A. 
subsequent examination with the patient under intravenous oi spinal anesthesia is 
then indicated for the purpose of making a more accurate inspection, obtaining a 
specimen for a biopsy and making a bimanual examination 

Group 3 is made up of infiltrating tumors with perivesical extension, with oi 
without metastasis A cure by total cystectomy m the majority of cases in this 
group is impossible Inoperability is indicated by any one of the following findings 
(1) a large, hard, n regular mass projecting well beyond the wall of the bladdei 
which sometimes can be felt also by the fingers palpating the abdomen , (2) thicken- 
ing and induration in the mferolateral ligaments of the bladder when the tumoi 
involves the base, (3) fixation of the mass to the bony pelvis or to other pen- 
vesical structures, unless these are structures which can be completely removed with 
the bladder, such as the seminal vesicles or the upper part of the vagina in nomen, 

25 Jewett, H J Carcinoma of the Bladder The Importance of Recto-Abdominal 
Palpation Under Anesthesia in the Selection of Cases for Total Cjstectomy, J Urol 49 34-41 
(Jan) 1943 
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(4) metastasis, which may be revealed by general physical examination and roent- 
genograms of the thorax, spinal column and pelvis 

Jewett concludes that rectoabdommal palpation while the patient is under 
anesthesia is the most satisfactory method for determining whether the primary 
carcinoma is confined to the wall of the bladder It is practicable and is indicated 
as a routine procedure in all cases of tumor of the bladder in which there is any 
question of infiltration, as revealed by cystoscopy and biopsy Total cystectomy 
as a means of cure should be considered only when the mass is completely confined 
to the bladder wall and is movable Rectoabdommal palpation with the patient 
under anesthesia in cases of carcinoma of the bladder gives invaluable aid in 
establishing two facts (1) deep invasion of the bladder muscle, indicating the 
probable hopelessness of further conservative management, and (2) suitability of 
the case for radical cure by total cystectomy 

Vesicointestinal Fistula — Lazarus and Marks 20 state that vesicointestinal 
fistulas may be divided into actual fistulas and incipient or threatened fistulas 
Analysis of the literature indicates that inflammatory lesions of the bowel 
constitute the underlying cause of fistulas m 51 per cent of cases Tumors of 
the bowel were present in 21 3 per cent of the collected cases A review of cases 
of intestinal inflammation shows that diverticulitis was the primary cause in 65 8 
per cent The most frequent neoplastic lesion of the bowel was carcinoma of the 
rectum (50 8 per cent) As regards the location of the fistula, it was noted that 
the most frequent site w'as between the bladder and the rectum (43 5 per cent) 
The cardinal symptom of actual fistula is the passage of gas or feces through the 
urethra Symptoms of an incipient or threatened fistula are more suggestive than 
pathognomonic In cases in which the primary lesion is in the bladder, the 
appearance of intestinal symptoms is suggestive of a contact inflammation between 
the bladder and the intestine When the primary lesion is in the bow'el the 
appearance of vesical symptoms should likewise suggest this same condition 

Diagnosis, especially m cases of incipient fistulas, depends primarily on cysto- 
scopic examination 

Proper pieopeiative preparation of the bowel is probably one of the most 
important requirements for successful surgical intervention In cases of actual 
fistulas, graded stage operations are necessary The use of an indwelling urethral 
catheter obviates the necessity of closing the fistulous opening in the bladder 
Systemic and local employment of sulfonamide compounds has been found of great 
value 

Prognosis depends entirely on the underlying pathologic condition 
Ruptuie — Bacon 2 " leports a series of 147 cases of rupture of the urinary 
bladder The predominating symptoms and findings were pam, shock, hematuria, 
retention of urine and skeletal injuries Cystography was the most significant single 
diagnostic procedure Ideal management consisted of immediate treatment for 
shock, early diagnosis, prompt surgical exploration and suprapubic cystostoim 
The total mortality rate was 44 2 per cent (65 deaths), and the surgical mortality 
rate in the 126 cases in which operation was performed was 36 5 per cent (46 
deaths) 

26 Lazarus, T A , and Marks, M S Vesico-Intestmal Fistula — Actual and Incipient 
Earlv Diagnosis and Treatment, Am J Surg 59 526-535 (March) 1943 

27 Bacon, S K Rupture of the Unnarv Bladder Clinical Analysis of One Hundred 

and Fort\-Se\en Cases in the Past Ten Years, J Urol 49 432-435 (March) 1943 
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i Radiation Injuries — Kulitzy 28 carried out systematic urologic examinations in 
150 cases of carcinoma of the uterus Damage to the bladder following roentgen 
and radium therapy frequently causes conditions which are similar to the radiation 
injuries of the skin He distinguishes several stages In the first place these 
patients get acute cystitis with frequency of urination, dysuna and tenesmus At 
cystoscopy, hyperemia is found In an occasional case there are also ulceration 
and necrosis of the wall of the bladder This condition usually starts one or two 
weeks after the first application and is due primarily to a large, initial dose, 
especially m the cases in which radium is used There is also a secondary chronic 
lesion which results from the cumulative effects of a series of radiation treatments 
In these cases, cystoscopy reveals telangiectasis with capillary aneuiysms together 
with atrophy of the mucosa of the bladder This condition may cause hematuria 
together with chronic ulceration These secondary changes develop from one 
month to several years after the first in adiation Radium treatment most commonh 
causes changes m the base of the bladdei and in the region of the trigone Lesions 
occurring in the vertex most commonly result from roentgen therapy There is 
also a third group of injuries which are caused by radiation therapy plus some 
other traumatic factor, thermal, mechanical, chemical or infectious 

Malacoplakia — Ledergerber ~ q states that malacoplakia is rarely encountered in 
the living patient He reports a case of this condition in a woman aged 39 years who 
had had repeated attacks of cystopyehtis over a period of ten years These attacks 
lasted for several weeks and were usually associated with severe pam in the left 
renal region The urine showed evidence of infection The tests of renal function 
gave normal results On cystoscopic examination the vesical mucosa showed a 
number of irregularly disseminated circular foci of different size with pale red, 
raised regions Biopsy of one of the regions showed malacoplakia The regions 
were covered by normal mucosa and were composed of a mass of granulations 
formed of round and oval epithelial cells There weie also infiltration of pus cells 
and many capillary vessels A second cystoscopy, three months later, showed onh 
a few of these regions in a comparatively normal bladder Infection with Escherichia 
coh, which was found at the first examination, was still present, though not so 
severe Ledergerber states that malacoplakia seems to be a special form of reaction 
of the mucosa of the urinary tract in cases of severe infection with Escherichia coli 
This apparently is in evidence for only a short period and then changes over to a 
form of cystitis granulans A few cases which have been observed in vitro and 
reported in the literature confirm these statements 

Neurogenic Conditions — Smith and Strasberg 30 state that it is the common 
belief that dilatation ot the ureter and renal pelvis accompanies the neurogenic 
and the cord bladder They carried out a series of studies of the innervation of 
the ureter These dissections demonstrated a relative lack of nerve fibers to the 
middle three fifths of the ureter, as contrasted with the terminal portions C>sto- 
metrographic studies revealed that the earliest manifestation of syphilitic involvement 
of the nervous system is to be found in the nerve mechanism of the bladder Smith 
and Strasberg investigated 50 cases of neurogenic and cord bladder and did not 
encounter a single case of dilatation of the ureter and renal pelvis Tests of renal 
function did not demonstrate any impairment of function 1 

28 Kulitz>, G Die Strahlenschadigung der Blase Ztschr f urol Chir u Gynah 46 

125-134, 1941 

29 Ledergerber, E Em Fall ion Malakoplakie der Harnblase, Ztschr f urol Chir u 
Gjnak 46 139-142, 1941 

30 Smith, E , and Strasberg, A The Upper Urman Tract m Cases of Neurogenic 
Bladder Prehmmarj Communication Tr Am \ Gemto-Urm Surgeons 35 147-152 1942 
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A REVIEW PREPARED BY AN EDITORIAL BOARD OF THE AMERICAN 
ACADEMY OF ORTHOPAEDIC SURGEONS 

XIV CONDITIONS OT THF FOOT AND ANKLE 

PREPARED BY EMIL D \V HAUSER, M D , CHICAGO 

ASSISTED B\ ROBFRT MONTGOMERY, MD, MILWAUKI I 

According to Selig, 308 the basic pathologic process of common painful lesions 
of the foot is a compiession of the soft parts, the skm and subcutaneous tissue 
between underlying bon)' prominences and the leather of the shoe or another bom 
prominence The result is thickening of the skm, formation of a bursa and eventuall) 
cartilaginous and later bony proliferation at the points of pressure He feels that 
relief should be obtained by wearing of well fitting shoes or by surgical removal 
of the underlying protuberance 

[Ed Note — The conditions mentioned, namely, bursitis, calluses and corns 
are not basic but are symptomatic It is malposition of the structuies of the foot 
that makes the foot vulnerable to the contact of the shoe This malposition of the 
foot has to be traced to its cause The treatment as outlined by Selig is symptomatic 
that is, its principle is that the friction must be relieved by altering the shoe so 
that it cannot press on the structures Selig’s recommendations for s)mptomatic 
treatment of the different conditions are useful, but the conditions must be cor- 
rected more basically by reestablishing normal position of the foot and normal 
function ] 

Lake 3fi0 makes an appeal for the influence of structural changes that are based 
on heredity and are traced back to faulty development in the course of evolution 
He states that "a well developed foot judged by evolutionary cntena, ma\ stand 
up to consideiable abuse, failing only when the mal-treatment becomes excessive 
but a badly adjusted foot may fail undei normal stresses of ordinal y locomotion 
without any misuse whatsoever ” 

Morton 370 wishes to distinguish between the signs of a fault) shoe and those 
of internal disorders ot the foot and suggests that one can assume that pain on 
the top and sides of the foot is due to a faulty shoe but that when the disorder is on 
the bottom or sole of the foot the trouble is probably m the foot He emphasizes 
roentgen studies for the diagnosis of disorders within the foot He believes that 
the symptoms are due to irritation and theiefore recommends plenty of rest 

Osgood 3-1 gives a historical review of the scientific investigations of the foot 
with special reference to the work of Duchenne, who demonstrated the imbalance 
between the mvertei and the everter muscles of the foot in foot strain In 1907 
the author and Dr Legg carried out an experiment to establish the strength of the 
two groups of muscles and were able to demonstrate “In the first group which 
one may call the semptomless normal feet, the imerters of the foot acting as 

368 Selig S Painful Lesions of Feet Their Basic Pathologa and Treatment 1 Mt 
Sinai Hosp 8 1216-1219 (March-April) 1942 

369 Lake, N C Eaolution as Etiologic Factor in Foot Disorders (Bolmgbroke Lecture) 
Brit M J 1 31-35 (Jan 10) 1942 

370 Morton, D J Functional Disorders of Feet and Their Treatment New York State 
T Med 42 2119-2123 (No\ IS) 1942 

371 Osgood R B Important Etiologic Factor in So-Called “Foot Strain” iTauln 
Muscle Balance), New England J Med 226 552-557 (April 2) 1942 
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protectors of the aiches, were stiongei than the everters or depressors of the aiches 
in the latio of approximately 5 pounds pull of the inverting protectors to 4 pounds 
pull of the evei ting depressoi s In the third group, that of patients with more 

pronated feet seeking advice because of symptoms of foot strain, the pounds pull of 
the everters or depressors of the arches was defimtel} stronger than that of the 
inverters oi protectors of the arches ” On the basis of these experiments, they 
carried out exercises which increased the strength of the inverters, or protectors 
of the aich, with good results He speaks of the difficulty of getting a patient to 
carry out the exercises 

[Ed Note — The imbalance of muscles cannot be assumed to be primary It is 
true that the inverters in cases of foot strain and of pes valgoplanus are pro- 
portionately decreased in strength while the everters aie increased It is necessary 
to establish the cause of the imbalance It is known that a foot that is totally 
decompensated will go into valgus position, and the continuous use of the foot in 
the valgus position is bound to increase the strength of the everters and proportion- 
ate!} decrease the stiength of the inverters The results obtained by reestablishing 
the normal balance between the inverters and the everters will in turn reestablish 
the normal position of the foot, but it has been the experience of one of the editors 
(E D W H ) that it is moie piactical to bring the foot into normal position and 
then carry out noimal functional exeicise, namely, correct gait, in order to obtain 
the results mentioned by Osgood ] 

According to Hauser, 372 most common disorders of the foot are due to functional 
decompensation Functional decompensation is an imbalance between the demand 
made on the foot and the capacity of the foot to do the work required of it This 
imbalance may be due either to an increase in load or to a decrease m strength A 
functional decompensation of the foot, like a cardiac decompensation, will give rise 
to a definite symptom complex and objective findings, such as fatigue, some stiffness, 
tenderness, overstrained ligaments, muscle spasm and contractures, valgus deformity 
of the heel, pronation in the midtarsal area, abduction of the anterior part of the 
foot and lowering of the longitudinal arch The head of the first metatarsal is 
forced dorsally and away from the second, the fifth metatarsal is similarly spread 
away from the fourth , there are flexion contracture of the toes with secondary 
clavi, hallux valgus defoimities of the great toes and accompanying bursitis, 
periostitis, and in some cases spur formation at the attachment of the plantai fascia 
to the calcaneus 

Correction requires reestablishment of normal relationship of the bones and 
relief of functional decompensation To accomplish this, the heel of the shoe is 
raised on the inner side, forming an inclined plane which brings the heel of the foot 
into varus The distorted anterior part of the foot is corrected and brought into 
normal relationship with the varus position of the heel by a comma-shaped bar 
that is higher on the outer side forming an inclined plane that is higher under 
the fourth, third and second metatarsal bones than under the fiist It does not 
go under the fifth, because this is normally weight bearing and is relatively lower 
than the middle three The distance from the bar to the heel must be sufficient to 
allow pliability in the region of the shank of the shoe The pliability of the leather 
m the sole permits the heel to be twisted in one direction while the transverse bar 
forces the anterior part of the foot m the opposite direction With the correction 
of the \algus of the heel and the anterior supination in the manner described, the 
longitudinal arch is restored, as is also the anterior, or transverse, aich (correction 

372 Hauser, E D W Common Disorders of Toot Quart Bull, Northwestern Unn 
M School 16 110-113 1942 
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of pes latus) The reestablishment of the normal position of the head of the first 
metatarsal bone tends to straighten the great toe (decrease of hallux valgus) The 
raised comma-shaped bar stretches the muscles of the toes with each step and 
straightens out the contracted toes Bunging the heel into varus and the anterior 
part of the foot into relative pronation relieves the tension on the plantar fascia and 
permits the periostitis to subside If the deformities are mild or moderate, this 
conservative treatment will be sufficient to cure them The corrective shoe permits 
and encourages the establishment of the normal anatomic relationship of the bones 
to each othei and reestablishes the propulsive force , thus normal function is made 
possible The patient is taught how to walk properly, in a heel and toe manner 

Hamsa 373 urges intei est on the part of the medical profession in the treatment 
of common disorders of the foot He speaks of the local treatment with regard to 
good shoes and stockings that fit He discusses his method of treatment for pes 
valgoplanus, in which he raises the inner side of the heel and the outer side of 
the sole of the shoe, and advises special exercises to increase the strength In 
speaking of the soft corn, he refers to the fact that many such lesions are complicated 
by fungous infection He treats the fungous infection and uses a pad to prevent 
friction rub, and in certain cases he advises the removal of the bony prominence 
beneath the corn In the treatment of disordeis of the foot he stresses a general 
systemic examination 

According to Hale, 374 people who wear no shoes or wear a Munson last have 
good feet fiom a functional point of view, the average custom-made shoe has a 
tendency to cause a lateral deviation of the big toe and the anterior part of the foot, 
together with a compression of the anterior part of the foot This deviation of 
the anterior part of the foot causes a partial or total loss of support of the head 
of the first metatarsal bone With regard to the symptoms of foot strain, he also 
brings out that there is a tendency toward tightness of the hamstring muscles and 
inability fully to extend the knee, as well as an overdevelopment of the muscles 
of the outer part of the calf and the thigh He feels that with treatment 100 per 
cent of the disorders of the foot resulting from wealing improper shoes should 
be prevented In his opinion properly built and properly fitted shoes and normal 
walking will correct the disorders in young people that have been present as a 
result of bad shoes , as to those of older people, he is not optimistic 

[Ed Note — It is our experience that deformities of the foot can develop in 
people who go barefoot The natives who were the subjects of early studies were 
apparentlj warriors and people in excellent physical condition According to 
the observations of one of the editors (E D W H ) primitive races that show 
signs of general physical degeneration show also pes valgoplanus and other deformi- 
ties of the foot ] 

In this article Chandler 3 ' 5 brings out the fact that pronated feet in children 
result from inadequate ligamentous tone of primary or secondarj origin It is 
unreasonable to expect the tarsal structures to exhibit degrees of tone differing 
from that found in similar structures elsewhere in the body Pronated feet are 
the rule in the presence of general muscular or ligamentous hypotonia of any 
origin Examples are commonplace in rickets, amyotonia, arachnodacta ly, con- 
genital heart disease and malnutrition and after any prolonged illness Pronated 
feet of secondary origin reflect some basic imbalance of muscular action The treat- 

373 Hamsa, W R Treatment of Common Foot Disorders, Nebraska M J 27 242-245 
( Juh ) 1942 

374 Hale, T, Jr Cause and Pre\ ention of Weak Feet, Mil Surgeon 90 51S-535 (Ma\) 1942 

375 Chandler, F A Children’s Feet, Normal and Presenting Common Abnormalities 
Am J Dis Child 63 1136-1146 (Tune) 1942 
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ment oi pionated feet consists m the lestoration of muscle and ligamentous tone 
by the elimination of the causative factors It must be general as well as local 
Exercises should be directed toward the strengthening of flexor muscles acting on 
the toes and flexor muscles of the forefeet Stretching of the calf muscles should 
always accompany exercises directed toward increasing then strength The use 
of molded foot plates 01 the piolonged use of plaster casts is rarely if ever indicated 
Shoes of substantial construction are essential These should be altered so as 
to move the center of weight bearing laterally, restomig the normal bony relations 
in the feet Operative measuies are indicated only m cases in which the condition 
is persistent In addition, theie aie diagrammatic drawings and photographs 
Some of the photographs show the form of exercises that he recommends 

Thelander and Fitzhugh 376 made a thorough study in which they made the fol- 
lowing observations Deviations from the ideal midposition of children’s feet may 
be partly due to prenatal causes and partly acquired by faulty sleeping positions 
Some of these malalmements are actual and persist, and others may disappear 
during normal growth under favorable conditions of symmetric activity It is 
important that deviations from the neutral position be recognized and corrected 
before weight bearing begins Sleeping and sitting m distorted positions during 
infancy and childhood are found to cause permanent distortions of the feet, ankles 
and knees It is not safe to assume that all early faults in almement will auto- 
matically disappeai during the period of growth The earlier a distortion and its 
contributing factors are 1 ecogmzed and measures taken to overcome them, the more 
ceitam are the results 

[Ed Note — This is a good study and confirms the observation of others, 
but it is the first time it has been recorded as a scientific study, namely, that there 
is a vanation in the feet of children at birth and in the subsequent growth before 
weight bearing This variation has been considered within the range of normal as 
long as it was not necessary to bring about mechanical interference, so that the 
distinguishing line between a true pes adductus and a foot with inversion tendenc} 
is sometimes difficult to determine The relationship of the child’s posture in sleep- 
ing, sitting and crawling and the position of the foot before walking are worthy of 
attention ] 

Wood 377 states that in the teinnnology of medical category sheets the foot 
troubles fall into three mam groups severe, moderate and minor At Horton 
Hospital an outpatient foot clinic has been instituted Persons with disorders of 
the feet are sorted into two groups ( 1 ) those needing inpatient treatment, (a) 
remedial exercises, (b) manipulation or (c) operation (with an unwilling patient 
surgical intervention may do more harm than good), and ( 2 ) those who can be 
treated as outpatients In general, it has been found better not to hospitalize 
soldiers for more than three weeks, because of complications arising in regard to 
movements of troop units In the outpatient groups are those who can be benefited 
by simple expedients Boots are caiefully fitted, socks are inspected for shrinkage, 
and wedges or insoles are made or fitted The use of a valgus insole or a metatarsal 
bar has proved practical An outside bar wears out so rapidly that an inside sponge 
rubber pad is preferable 

According to Crisp , 373 only a minority of soldiei s w ith painful feet show glaring 
defects He divides the men with disorder of the feet into two groups those 

376 Thelander, H E , and Fitzhugh, M L Posture Habits in Infancy Affecting Foot 
and Leg Alignments, J Pediat 21 306-314 (Sept) 1942 

377 Wood, H L C Foot Problem in Service Cases, Proc Roy Soc Med 35 193-195 
(Jan) 1942 

378. Crisp, E T Physiotherapy and Soldier’s Foot, Proc Roi Soc Med 35 217-220 
(Jan) 1942 
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who had no trouble prior to entering the aimy, and those who had trouble betoie 
their entrance The men that did have trouble before joining the army he groups 
again into those with weak feet, those with stiff feet and those with mcoordinated 
feet The weak foot requires six to eight weeks of treatment, including application 
of heat, massage and exercises For the stiff foot, the prognosis following similar 
treatment plus manipulation is excellent The mcoordinated foot under military 
training becomes still more mcoordinated, which may result in the development of 
deformity After preliminary rest in bed, the keynote of treatment is to develop 
disassociation of the tibialis anticus and extensor digitorum longus muscles This is 
accomplished through training of the muscles and stimulation of them by “surging” 
taradism Feet which were troublesome in civil life are often aggravated by the 
military requirements 

Cozen 3-0 advises that frequent reexaminations be made to eliminate those rare 
persons having the early symptoms of thromboangiitis obliterans (Buerger’s 
disease), arthritis and march foot A medical officer will find that manv forms 
of therapy foi treating the same condition of the foot must be known to him, 
inasmuch as one method is not universally obtainable or applicable in the arm) 
He points out that the pain of flatfoot, when the origin is largely based on a 
soldier’s discontent with his duties or environment, will not be relieved by the 
medical officer 

As a prophylactic measuie Rostrup 380 advises a careful inspection of the feet 
at the time of recruiting as most important from the point of view of economy and 
efficiency, and gradual early training to break in a new recruit and not break down 
his feet He recommends the teaching of foot hygiene to the platoon officers and 
men He stresses the importance of the treatment of minor conditions of the feet, 
such as blisters, to prevent more serious conditions The experiences with surgical 
operations on the feet in rehabilitating soldiers has not been fortunate, and for 
this reason major disabilities will have to be assessed and treated if indicated along 
conservative lines Operation, at present, should be allowed onl\ in selected cases 
and then its value in the Army is open to doubt 

Barry 381 emphasizes the importance of the foot for all three branches of 
military service He has followed men who were discharged from the Air Force 
because of foot disabilities after completing their training and he brings out the 
point that some of these disabilities should have been recognized earlier, to save 
the tremendous expense of training the men He has found that men with severe 
conditions, like tumors and changes that can easily be recognized by roentgen 
examination, are adequately rejected There are a number of borderline types of 
disabilities of the foot which he describes and details are given for the standards 
of acceptance or rejection 

[Ed Note — 'The difficult! anses not in lecogmtion of the anatomic changes but 
in the variation of the functional capacity, and in addition to the observation of the 
alterations that are seen m the feet one must take into consideration the functional 
capacity that the man was subjected to during his civilian life This is a lurther 
aid m judging capacity to carry out the military demands and is of talue m the 
selection or rejection of these military candidates ] 

379 Cozen, L N Treatment of Painful reet in the Arm>, Mil Surgeon 91 196 1°8 
(Aug) 1942 

380 Rostrup, O Inspection and Treatment of Soldier’s Feet, Canad M A J 47 323- 
326 (Oct ) 1942 

38 1 Barn, D Foot Standards for War Ser\ice M J Australia 1 404-406 ( April 4) 
1042 
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In a true giant growth of the foot Bergmann 382 ofteis an improvement in 
treatment by removal of the fifth toe and the fifth metatarsal bone and partial 
excision of the cuboid bone The tendon of the peroneus brevis muscle was 
reanchored on the cuboid bone He found that there was no interference with 
function and there was an improved cosmetic result 

Wagnei 383 reports the results of 100 cases in which he did a calcaneocuboid 
arthrodesis and performed arthrodesis on the subastragaloid joint In addition, he 
constructed an anatomic elongation on the postei lor aspect of the astragalus by means 
of a reflected segment of the os calcis This piece of bone articulated with the 
inferior posterior surface of the tibia In other words, this is a modified Campbell 
bone block He .reported good results except m 8 cases in which there was a 
varus deformity, which deformity he counteracted by dividing the tibialis posticus 
tendon , 1 case m which revision of the height of the transplanted bone was made 
to allow more extension of the foot , 1 case of bilateral spastic equmus due to 
encephalitis m which the patient died and 20 cases in which there was some dif- 
ficulty in healing of the posterior wound All healed within three months 

[Ed Note — In the opinion of one editor (E D W H ) it is preferable to 
perform the triple arthrodesis along with the posterior bone block In many cases 
it is well to correct the deformity, if there is one present, by means of manipulation 
before doing the arthrodesis, inasmuch as it gives a longei and more stable foot 
and requires less removal of bone structures ] 

For the surgical correction of pronated feet due to loss ot support by the deltoid 
ligament, Milch 384 describes the following operation A tunnel, i unmng antero- 
postenorly, is made, beginning on the medial surface of the tibia, above the 
epiphysial line Through this a guide suture is passed The incision is opened so 
as to expose the abductoi hallucis muscle below and the tendon of the tibialis 
posticus muscle in front The sustentaculum tali is visualized between the tendon 
of the tibialis posticus and that of the flexor digitorum longus muscle With 
a broad, blunt periosteal elevator, all the tissues lying below the sustentaculum and 
posterior to the calcaneocuboid articulation are elevated, and a transverse calcaneal 
tunnel is drilled, so as to emerge on the lateral surface of the os calcis, m the region 
of the trochlear process The guide suture previously passed through the tibia is 
now passed down along the inner aspect of the ankle, beneath the tendon of the 
tibialis posticus muscle and around the inferior surface of the os calcis A small 
external counterincision is made, and from without inward a graft is passed back 
through a tunnel made m the os calcis A small incision is now made ovei the 
fascia lata in the lower portion of the thigh With the fascial stripper, a long strip of 
fascia is removed subcutaneously and is passed through the drill holes, exactly along 
the course of the guide sutures The heel is strongly supmated, and the strands of 
the fascial graft are sutured to the bone and are then united to each other, if possible 
The wound is closed in layers, and a plaster-of-pans boot is applied with the foot 
in the maximum ot inversion Immobilization is maintained for six weeks On 
removal of the plaster, a well molded foot plate is prepared and the patient is allowed 
to bear weight m wedged shoes He recommends the procedure particularly for ado- 
lescent patients, between the ages of 8 and 15, feeling that it has special merit since 
it is completely extra-articular and avoids the danger to the epiphysial growth zone 

382 Bergmann, E Partial Giant Growth Operative Reduction in Size of Foot, Am J 
Surg 55 548-549 (March) 1942 

383 Wagner, L C Bone Block for Paralytic and Spastic Equinus Study of End 
Results for One Hundred Cases (1925-1940), J Mt Sinai Hosp 9 826-831 (Nov -Dec) 1942 

384 Milch, H Reinforcement of Deltoid Ligament for Pronated Flat Foot Inversion 
Fa'Ciodesis of Os Calcis, Surg, Gvnec & Obst 74 876-881 (April) 1942 
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[Ed Note — For feet that are normal in ever} waj except for structural -weak- 
ness it is sufficient, particularl) in the adolescent, to bring the foot into varus and 
the anterior part of the foot in its normal relationship to the posterior part by means 
of the corrective shoe, and then follow through w ith normal exercises In cases m 
which there is a t r ue paralysis and such an operation would be of value, it is the 
opinion of one editor (E D W H ) that the fascial structure would not be able 
to retain the position against the body force ] 

Fitch and King 383 describe an operation based on the principles of treatment 
described by Kidner and Lowman for correction of pes valgoplanus, which has 
failed to respond to conservative treatment The procedure consists in a trans- 
position of the insertion of the posterior tibial tendon and of the anterior tibial 
tendon They also lengthen the tendo Achilhs The} have found that this procedure 
is best suited to feet that have faulty foot posture with depressed longitudinal 
arches, lather than feet with complete!}’ flattened longitudinal arches 

[Ed Note — The feet for which this operation is indicated, according to the 
authors’ criteria, would respond to conservative treatment in most instances 
Lengthening of the tendo Achilhs tends to weaken the foot further and gradual 
stretching of the tendon is preferable When there is an accessory scaphoid, 
removal of the accessory scaphoid with transplantation of the tendon after the 
manner of the authors is to be recommended ] 

Kuhns 380 states that weakness and othei disturbances ol the foot are found 
in more than 50 per cent of all small children, and man} of them disappear 
spontaneousl} as skill in balance and walking develops Five-tenths per cent of 
the feet show a persisting ligamentous relaxation Unless properly treated this 
relaxation progresses and gives functional disturbance m adult life There is a 
variation of the ligamentous relaxation m the feet of infants at birth Severe 
changes all the way up to a typical pes calcaneovalgus congenitus have been 
described in the literature From a study of feet of children during the past ten 
years with piolonged and discouraging attempts at correction we feel that this 
ligamentous relaxation with its many variations can best be called congenital flat- 
foot At bnth all show unusual relaxation The cause is not clear, but available 
data suggest that it is inherited, behaving like a recessive tiait Treatment should 
be started in early childhood The foot should be held while at rest and in lveight 
bearing in inversion and with slight elevation of the longitudinal arch In cases 
in w'hich congenital flatfoot is not corrected by this treatment relief of symptoms 
can often be secured by proper shoes and by supports under the longitudinal arch 
and the inner side of the heel 'For severe disabiht} seen in adolescence or adult 
life, a suigical procedure which wall hold the foot in a good v r eight-bearing position 
is usuall} requued 

[Ed Nott — The emphasis on eaily lecognition and early treatment ot flatfoot 
is commendable ] 

McFadyean 38 ' stiesses the tact that to obt nn a correction of a hammer toe it 
is necessar} to w’ait six weeks, until an arthrodesis occurs To avoid a surgical 
operation he recommends the conservativ e method for taking pressure off the 
deformed toe b} placing a dome-shaped metal laise on a shoe tree m the area where 
the shoe presses on the contracted toe This raise on the shoe tree stretches the 
shoe sufficiently to allow space to prevent friction rub 

3S5 Fitch, R R, and King, B B Operative Treatment of Relaxed Weak Teet 1 Emit, 
.k Joint Surg 24 574-475 (Julj ) 1942 

386 Kuhns T G Congenital Flatfoot Arch Pediat 5S 755-763 (Dec) 1°41 Con 
genital Flatfoot, JAMA 120 329-333 (Oct 3) 1942 

3S7 McFadvean K Prevention of Hammer-Toe Bursiti* lancet 1 474 ( Apm! IS) 1^42 
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[Ed Note — Conservative treatment by lemoval of the piessure is of value m 
those cases in which surgical intervention is contraindicated ] 

Von Pap 388 describes a new apparatus for obtaining extension of the great toe 
following operations for hallux valgus and hallux rigidus In cases in which the 
abnormality was bilateral he applied the apparatus on the one foot and a cast on 
the other and found that the feet treated with the cast showed greater stiffness 
than those to which the apparatus was applied He suggests that traction be 
applied for the first three postoperative days On the fourth and fifth days 
mobilization is begun In this way he obtained better functional results 

In discussing perforating wounds of the foot, Bowen 388 says In dealing with 
nail puncture wounds incurred by the laborers m the construction of the United 
States Naval Air Station at Jacksonville, Fla , the following simple plan of treat- 
ment was used The foot was soaked for fifteen to thirty minutes m hot water to 
which lmiment of soft soap (tincture of green soap) or a quantity of saponated 
solution of cresol was added (He does not believe the addition of these solutions 
affected the results ) The foot was dried carefully and an area 2 to 3 inches 
(5 to 7 5 cm ) in diameter around the wound was painted with mercresm (ortho- 
hydroxyphenylmercuric chloride) The edges of the wound were grasped with 
splinter forceps, and the epidermis was cut away for several millimeters about the 
circumference of the wound This exposed the foreign matter (usually sand, 
rarely particles of sock, leather, rust, rubber or concrete) which could then be 
easily removed with forceps or wiped away with a cotton applicator soaked m 
tincture of mercresm The wound was not piobed beyond )4 inch (0 6 cm ), and 
this was done under direct vision A dry dressing was applied, and 1,500 U S P 
units of tetanus antitoxin was given If the wound was caused by a larger nail 
than 10 penny, the patient was instructed not to walk for one or two days, other- 
wise he returned to work at once The patient was instructed to soak his feet in 
hot water for thirty minutes when he reached home and repeat at bedtime Patients 
with severe wounds, caused by nails larger than 10 penny, were gnen crutches and 
told not to bear weight on the foot for one or two days They reported to the 
hospital for further inspection on the day they returned to work If there was any 
sign of increasing inflammation, rest and elevation and hot compresses were advised 
Patients with minor wounds were instructed to return only if increased soreness 
was noted No prophylactic treatment with a sulfonamide compound was used orally 
or locally In this paper only patients who came for treatment on the day of 
injury are considered Soaking the foot in hot water dilates the tissue capillaries, 
and this brings an exudation of lymph, the best germicidal agent in the body, into 
the affected area Leukocytes are probabh mobilized by the local elevation of 
temperature There were no deaths in a series of 661 cases and no tetanus 
Cavalry units were stationed at the sites of air stations during the first World War, 
and thus the nails were probably exposed to the tetanus bacillus There was a 
total of four hundred days of disability in the 661 cases, six-tenths day of disability 
per case Persons with disability due to tetanus antitoxin have not been con- 
sidered in this series 

[Ed Note — This is an excellent paper and in accordance with the findings of 
others who have dealt with large series of puncture wounds A ten minute scrub 
with soap and water and a debridement of the skin area around the aperture, with 
a sterile dressing, have given similar results ] 

388 Pap, K A New Apparatus to Promote Articulation After Operations on Great 
Toe, Arch f orthop u Unfall-Chir 41 116-118, 1941 

389 Bowen, F H Report of Six Hundred and Sixt\-One Nail Puncture Wounds of 
the Foot, TAMA. 119 413-414 (Mai 30) 1942 
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A suivej of end results of several types ot operation for hallux salgus was 
made, with analysis, by Nelson and Kaplan 390 Their conclusions were as follows 
For the gioup 20 to 40 years of age with mild involvement, the Stem and the 
McBride operation were effective Exostectomy is also advisable although it is 
followed in this age group at times by recurrence of the exostoses especialh on 
the dorsal surface For persons in this age group with sesere involvement cases 
the Klemberg and the Lapidus operation are recommended, as the\ give good 
results even in the presence of arthritis, although the period of comalescence is 
long The Keller operation can also be recommended as it proved satisfacton 
irrespective of age and severity in the few' cases observed For the gioup oser 
40 with mild deformity and absence of arthritis the Silver type of operation and 
exostectomy may be used with satisfactory results The McBride and the Stein 
procedure are less satisfactory The Klemberg and the Lapidus operation may be 
used with success, especially from the patients’ point of viesv, although con- 
valescence is prolonged With severe deformit\ and in the presence of arthritis 
exostectomy and the Silver operation are apparently not ads i sable because of 
recurrence of exostoses and pain With the McBride and the Stein operation in 
several instances there were postoperative rigidity of the toe and recurrence of the 
deformity The Lapidus and the Klemberg operation are found satisfactor\ in 
spite of long convalescence The Keller procedure, as observed in a few cases 
gives the impression of being the operation of choice for this age group m the 
presence of severe deformity and arthritis 

Johnstone 301 describes a case He feels, after a diligent search through the 
literature, that this is the first published case of osteochondritis in the sesamoid of 
the second metatarsal The clinical picture m this case corresponds to the generally 
accepted features of osteochondritis in sesamoids, and m the differential diagnosis 
there are only tw'o conditions to be considered These are developmental fissures 
and fractures The former are usually bilateral, regular m outline, of uniform 
density and sjmptomless The latter show irregular clefts with sharp margins 
they aie unilateral, and generally there is a histon of injury Restoration of bone 
structure, after passing through the various stages of osteochondritis, confirms the 
diagnosis 

Blumenfeld "° 2 discusses the supernumerary bones that occur around the ankle , 
the principal ones aie the external tibial bone, the os trigonum the os peroneale 
and the os vesahanum, and the less frequent ones m this region are the mter- 
metatarsal bone, the accessory calcaneus, the uncinate bone and the mtercuneiform 
bone Illustrated reproductions of the roentgenograms of some of these are shown 
In the author s opinion, in adolescence these supernumerary bones maj be the seat 
of an cpipht sitis causing pain He recommends that painful supernumerary bones 
be extirpated, with local anesthesia 

[Ed Note — It is not frequent that these sesamoid bones gne rise to acute 
symptoms Involvement of them is usually an incidental finding, and the important 
thing is to be able to differentiate it from fiacture ] 

Milch 301 describes an operation for a calcaneus deformity He reports a case 
m which the calcaneus deformits was due to an excessise lengthening of the aclulles 

390 Nelson, L S, and Kaplan, E B Hallux Valgus Sursej of End Results oi 
Various Operatise Procedures for Correction of Hallux Valgus Performed at the Hospital 
During the Past Ten \ears (1931-1940), Bull Hosp Joint Dis 3 17-25 (Tan) 1942 

391 Johnstone, A S Case of Osteochondritis in Sesamoid of Second Metatarsal, Brit T 
Radiol 15 337-338 (Nos ) 1942 

392 Blumenfeld, I Supernumerars Bones of Tarsus Seniana nit_d 1 S'2 S3S (April 10) 1941 

393 Footnote omitted 

394 Milch H Elontration of Heel for Calcaneus Deiormits 1 Bone & Tomt ? ure 
24 870-872 (Oct ) 1942 
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tendon m an attempt to correct an equinus deformity Instead of simply shortening 
the achilles tendon, he turns down a posterior portion of the os calcis with the 
attachment of the achilles tendon and fills up the space with bone fragments In 
this way the posterior projection of the os calcis and the distance of the achilles 
tendon from its center of rotation of the ankle joint was inci eased The insertion 
of the achilles tendon was thus displaced downward The author demonstrated that 
by increasing the lever arm to which the achilles tendon was attached he was able 
to restoi e the muscle balance 

[Ed Note — It certainly is true that by increasing the lever arm one increases 
the power of the weakened muscle, but m this case it is also true that by extend- 
ing the lever arm posteriorly one has also put more tension on the achilles tendon, 
which gives a relative shortening ] 

Hai ding 395 gives a description of a method f 01 taking photographs of a foot 
with weight bearing, by means of a ground glass plate, mirrors and special lighting 

Krause 308 tabulates the three stages of typical march foot, describing the roent- 
genologic changes He believes that with technically perfect roentgenograms the 
first stage can be diagnosed more frequently 

Reckling 307 points out the necessity for repeating the roentgenogiam to prove the 
presence or absence of a fracture in case of a swollen foot when there is dorsal swell- 
ing over the metatarsal bone, since a march foot in its earliest stages may not show 
the fracture and after the roentgenogram is taken later it will show the fracture line 

Lapidus 308 describes an opei ative procedure foi cori ection of overlapping fifth 
toe which consists m running the distal stump of the extensor longus tendon, with 
its insertion intact, through an oblique spiral channel across the plantar surface of 
the toe and implanting it into the conjoined tendons of the abductor and short 
flexor muscles of the fifth toe, aftei dorsal and medial capsulotomy of the fifth 
metatarsophalangeal joint 

[Ed Note — The operative procedure seems to be mechanically sound, because 
it not only corrects the main three components of the deformity but utilizes the 
muscle power of the abductor and the short flexor for active maintenance of the 
correction ] 

Swanson’s 309 article covers a great deal of subject matter m that it includes 
the various types of fractures of the ankle, as well as fractures of the astragalus 
and fractures of the calcaneus He stresses the rupture of the ligaments and their 
importance, displacement at the ankle joint due to a tear of the fibulotibial liga- 
ments, and the dire consequences if such conditions aie not recognized and 
adequately treated He again stresses the relatively poor prognosis of fracture 
of the os calcis He feels that the result is dependent on the involvement in the joint 
as well as the perfection of reduction For crush fractures of the astragalus he 
advises an astragalectomy with posterior displacement of the foot 

A Barba Inclan 400 reports the result of a study of 305 cases at the Policia 
Nacional, in which he studied sprains in the various parts of the body The treat- 

395 Harding, F R Photographing Plantar Surface of Feet with Weight Bearing, 
J Biol Photographic A 10 113-115 (March) 19-12 

396 Krause, G R March Fracture (Deutschlander’s Disease, Pied Force), Radiology 
38 473-476 (April) 1942 

397 Reckling F Appearance of Roentgen Image of Fracture of Third Metatarsal Bone 
Only After Pressure on Foot, Monatschr f Unfallh 48 8-12 (Jan ) 1941 

398 Lapidus, P W Transplantation of Extensor Tendon for Correction of Overlapping 
Tifth Toe, J Bone & Joint Surg 24 555-559 (July) 1942 

399 Swanson, J C Injuries of Ankle Journal-Lancet 62 93-94 (March) 1942 

400 Barba Inclan, A \ Modern Concept of Joint Sprains, Cir ortop \ trimn itol 
Habann 9 120-127 (Jub -Sept) 1941 
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ment by means of the Leriche method was used, and in the author’s opinion this 
gave the best results However, he states that he used tutocaine instead of the 
usual procaine In addition to the local anesthesia he used compressive strappings 
and physical therapy as adjuncts in the treatment 

Carothers, 101 writing on sprains, points out that ordinary sprains m which there 
is a stretching of the external lateral ligament with a rupture of a few fibers but 
without complete rupture of the ligament will respond to strapping as well as to 
the treatment with local injection of procaine hydrochloride He stresses the 
importance of a small number of cases in which the ligaments are torn, the tibio- 
fibular as well as the astragalofibular, and that the probability is that there has been 
a dislocation of the astragalus which has been reduced After the reduction this 
can no longer be recognized by roentgen examination unless there is an injection 
of procaine hydrochloride w'hich permits sufficient inversion of the foot to cause 
displacement which can be demonstrated roentgenologically In these cases 
strapping or injection of procaine In drochloride is inadequate, and great damage 
will be done if the patients are treated in this w'ay 

\\ CONDITIONS INVOLVING THE SHOULDER AND NECK 
PREPARFD BY J C KUHNS, NT), BOSTON 

Congemlal Dejoniuhcs — The so-called congenital torticollis is divided by 
Copland 402 into three types (1) primary congenital torticollis, which is the result 
of a congenital defect m the cervical portion of the spine or of a cervical rib (2) 
secondary congenital torticollis, which is probably caused by a twisted position of 
the fetal head in utero, and (3) partuntional torticollis, which results from rupture 
or hematoma of the sternocleidomastoid muscle during delivery The third type is 
the most common Occasionally the scalenus muscle also is involved and may 
continue the deformity The author advises section of the sternocleidomastoid 
Occasionally the scalenus anterior must also be cut A careful examination should 
be made at operation 

[Ed Note — S ection of the scalenus muscle is seldom necessary] 

In the course of examining reciuits for the British Army, Grieve' 103 found 
2 joung men with bilateral subluxation of tbe acromioclavicular joint He con- 
cluded that these were examples of congenital subluxation since there was no 
history of injury and the men stated that the abnormal appearance of the shoulders 
had always lieen present Roentgenograms confirmed the diagnosis of bilateral 
subluxation of the acromioclavicular joints From a stud} of the pertinent lit- 
erature the author concludes that this congenital deformity is rare 

Anatomy and Pathology — Grav 101 examined 1,239 human scapulas Of 1,152 
scapulas seen m the dissecting room 27 showed an absence of the muscular enstae 
on the anterior surface One hundred and sixty-seven of 1,152 showed no sulcus 
tor the circumflex scapular arterj , and 28 had anomalous foramens Costal facets 
were found m 64 The suprascapular notch was converted into a foramen in 73 of 
1,151 Separate acromial bones were observed in 36 of 1 086 scapulas Facets 
on the inferior surface oi the aciomion were found m 240 of 1,085 scapulas 

401 Carothers, R G Sprained Ankles, Ann Surg 115 654-657 (April) 1942 

402 Copland, S M Scalenus Anticus Factor m Congenital Torticollis, Surgcrj 11 624 
o31 (Aprit) 1942 

403 Grieve, I Bilateral Congenital Subluxation oi \cronuo-Clav icular Joint Lancet 
2 424 (Oct 10) 1942 

404 Grav 1) 1 \ arntions in Human Scapulae \m I Pins \nthropol 29 "72 

(March) 1942 
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Variations m the shape of the glenoid fossa were common Among 1,151, 706 
had convex vertebral borders Three hundred and twenty-mne were straight 
114 were concave (scaphoid scapulas) and 2 were unclassifiable 

[Ed Note — Too little attention is paid by clinicians to the minor anomalies 
about the shoulder as factors m the production of symptoms in this region ] 

In a voluminous study of the scapula Hrdhcka 40!i states that scapulas may be 
grouped into three main types (1) triangular (wedge shaped), with the vertebral 
border straight , (2) concave, with the vertebral or both the vertebral and the axillan 
border concave and (3) convex, with the vertebral border convex He concludes 
that the shape of the scapula is partly of functional causation Weakening of 
the musculature about the clavicle may cause concavity About 10 per cent of the 
scapulas examined were concave Usually both sides of the skeleton will show 
the same type of clavicle The triangular scapula with a straight vertebral border 
is far more common in adults than m children Concave scapulas are more common 
m children The juvenile scapula is far from being finished in its form The 
superior border of the scapula is its most variable part and changes shape through- 
out the growing period 

Makowski 400 attempts to trace m sequence the development ot calcific deposits 
m the supraspinatus tendon There is first inflammation of the tendon, with some 
necrosis which is followed b) deposition of calcium The commonest cause of 
inflammation is pinching of the supraspinatus tendon Subdeltoid bursitis follows 
the changes m the tendon The morbid anatomy in a 36 year old epileptic woman 
who had had frequent anterior dislocation of the right shoulder was reported by 
Eyre-Brook 407 The patient died while a Nicola operation was being performed 
At autopsy a tear of the anterior ligament from the attachment of the biceps muscle 
to the bottom of the glenoid cavity was found, as has been described by Bankart 
There was a large notchlike depression on the posterior surface of the humeral 
head This was caused by erosion of cartilage and absorption of bone from 
recurrent trauma 

Odgers and Hark 408 report observations on habitual dislocation of the shoulder 
They found 6 tears in 40 shoulders examined m the dissecting room Thev 
interpreted these to be degenerative changes or incomplete repair Tw elve patients 
with habitual dislocation were seen No recurrences were seen following the 
Bankart operation 

From i oentgenologic studies, Sachs and Hill 400 conclude that mferoantenor 
dislocations of the humeral head are caused by the application of force through 
the longitudinal axis of the humerus with the shoulder abducted and internally 
rotated The degree of internal rotation determines whether the glenoid lip will 
impinge on the posterolateral aspect of the humeral head with a resulting com- 
pression defect of the head If the arm is in slight internal rotation, the glenoid 
lip will impinge on the greater tuberosity and produce an avulsion fracture of the 

405 Hrdhcka, A Scapula Visual Observations, Am J Phvs Anthropol 29 73-94 
(March) 1942 

406 Makowski, S J Calcific Deposits m Supraspinatus Tendon, M Times, New York 
70 19-22 (Jan) 1942 

407 Ejre-Brook, A L Morbid Anatomv of Case of Recurrent Dislocation of Shoulder 
Brit J Surg 30 32-37 (Jub) 1942 

408 Odgers, S L , and Hark, T \V Habitual Dislocation of Shoulder Toint, Surg 
Gynec. &. Obst 75 229-234 (Aug) 1942 

409 Sachs, M D, and Hill, H \ Complications of Infero-Anterior (Axillarj) Dis 
location of Shoulder Joint as Demonstrated b\ Roentgenograms, Surg, G'nec &. Obst 
75 639-646 (Xov ) 1942 
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tuberosity Fiactures ot the glenoid lip are produced u hen the shoulder is in 
internal rotation When pain persists for a long period after injury roentgeno- 
grams of the bicipital groove will sometimes show lesions in this area 

Jones 410 reports 2 instances m wduch it was necessary to remove the humeral 
head for comminution associated until dislocation After the removal of the 
fragments the proximal end of the humerus was rounded and the capsular sub- 
scapulans, supraspmatus, infraspinatus and teres minor muscles were leattached 
to the humerus Almost normal function resulted The four muscles act as a unit 
m stabilizing the shouldei in abduction Movement of the shoulder joint demands 
contact of the head of the humerus and the glenoid cavit} The author believes 
that there is a great deal of difference between the shoulder joint in relaxed motion 
and when heavy work is being done The fixation pioduced by the capsular muscles 
produces stability of the shoulder joint m motion 

Symptomatology — Hoobler 411 reports the case historj of a patient with 
thrombosis of the subclavian artery associated with cervical rib The thrombosis 
was followed by a right hemiplegia, which disappeared m sixteen days Five similar 
cases reported in the hteratuie are reviewed The thrombosis was believed to have 
resulted from prolonged arterial spasm caused b) the cervical rib Cerebral 
embolism from such thiombosis can occur onl) on the right, where the common 
carotid and subclavian arteries come off from the innominate arterj 

Pain in the arm, biachialgia, should be considered not as a disease entity but as 
the result of irritation oi pressure on nerves in the cervical region 412 The scalenus 
anticus muscle is not primarily responsible Compression of the nerve roots at 
the intervertebral foiamens is frequently the cause 

Torticollis as a result of motoi distui bailees of the eje is not often seen by the 
orthopedic surgeon Guy 113 discusses the diagnosis of such lesions If no vertical 
oculomotor error is found the ej es can be i uled out as a cause of torticollis unless 
ptosis of a lid is present Ocular torticollis is associated wuth an attempt at single 
binocular vision and is not found in the newborn Ocular torticollis often follows 
forceps deliver) No facial asymmeti) results trom this defornnti which is 
commoner than is realized 

Ilfeld and Holder 114 report the case histor\ of a patient m whom weakness ot 
the anterior senatus muscle w r as due to carrying a knapsack The condition 
probably resulted fiom stretching the long thoracic nerve in swinging the pack 
onto his back Tieatment consisted of support with a sling heat and massage 
Complete recovei) occuired in four w'eeks 

Iiow r ard 410 states that mjuiies about the shoulder girdle comprise 11 per cent 
of industrial injuries and 12 pei cent ot industrial disabilities For acromio- 
clavicular dislocation lie desuibes lus method of maintaining continuous elastic 

410 Jones, L Shoulder lomt Obsei \ ations on •\natomv and Phvsiologv with Analysis 
of Reconstruction Operation Following Extensive Injure, Surg , Gvnec eN Obst 75 433-444 
^Oct ) 1942 

411 Hoobler, S \\ Svndrome of Cervical Rib with Subclavian \rtcrnl Thrombosis and 
Hemiplegia Due to Cerebral Embolism Report of Case, New England I Med 22G 942-944 
(June 11) 1942 

412 Morse, E \V Cervical Ribs and Scalenus Nova Scotia M Rull 21 318-324 (Nov ) 
1942 

413 Guj, L P Oculai 'loitieolhs Differential Diagnosis, -\reli Ophth 28 17 26 (Julv) 
1942 

414 Ilfeld, r \V , and Holder H G \\ mged Scapula Case Occurring in Soldier from 
Knapsack T \ M \ 120 448-449 (Oct 10) 1942 

415 Howard N I Svmposium on Industrial burgerv Diagnosis and Treatment of 
Certain Injuries ot tbe Shoulder Girdle *3 Clm North America 22 104° 1073 ( \uc ) 1°42 
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traction on the outer end of the clavicle foi five weeks All such dislocations heal 
if treatment is continued long enough He adwses early active exercise for injuries 
about the shoulder 

Bennett 410 believes that periarthritis most fully desci ibes the usual painful 
contracted shoulder The cause is obscure, but repeated trauma plays an unpoitant 
part Treatment is first designed to secure relaxation of muscular spasm This 
is accomplished by fixation of the shoulder m a comfoi table position with sandbags 
and pillows and by the application of heat, preferably hot compresses Massage 
is given cautiously and is followed by passive and active motion If there is no 
increased range of motion after a forty-eight hour period manipulation with the 
patient under anesthesia is indicated 

Treatment — Travell, Rinzler and Herman 417 leport the results of intramuscular 
infiltration with 1 per cent solution of procaine hydrochloride for the relief of pain 
m the shoulder The 58 patients studied had a tender point in the muscles about 
the back and shoulder girdle, pam on motion of the arm and limitation of active 
movement Full restoration of movement and remission of pain followed this 
treatment in 62 per cent of the cases The writers suggested that impulses arose in 
one or more foci in the muscle and reflexly led to the symptom, restriction of 
motion was primarily a reaction to pain 

[Ed Note — While mtramusculai injections of procaine hydrochloride will at 
times lead to abatement of pam, we feel that treatment of the patient should be 
based on as exact a diagnosis of the disability as can be made ] 

In the treatment of 32 patients with painful shoulders Kelly 418 gave 16 of them 
injections of 20 cc of a 1 200 solution of procaine hydrochloride into or just 
beneath the upper fibers of the trapezius muscle with complete relief of symptoms 
He believed that in these patients there was a trophic nervous reflex which caused 
the symptoms This type of lesion should be differentiated from brachial neuritis 

Chapman 410 used roentgenotherapy for 54 painful shoulders, giving 250 r 
twice a week for four or five treatments More rapid relief was observed in 
patients who came for treatment early in the course of the disease Seventy-seven 
per cent of the shoulders were cured 

Anesthesia of the cervical portion of the sympathetic nervous system will relieve 
the pain in the scalenus anticus syndrome Judovich and Bates 420 advocate 
injection of procaine hydrochloride into the scalenus anterior muscle Following 
this Horner’s syndrome \\ ill lie observed occasionally, but only temporarily 
Operation on the scalenus muscle should be deferred until a successful muscular 
infiltration has been obtained without sympathetic effect If symptoms are not 
relieved by such infiltration, operation is indicated 

Reichert 421 advises relaxation of the scalenus muscle by special positions m bed 
and at work to relieve the accompanying brachial neuritis The shoulder is elevated 
with a sling Work that aggravates symptoms is avoided In bed the patient lies 

416 Bennett, R L Painful Contracted Shoulder, Brit J Phys Med 5 69-72 (April) 
1942 

417 Traxell, J , Rinzler, S, and Herman, M Pain and Disability of Shoulder and Arm 
Treatment by Intramuscular Infiltration with Procaine Hydrochloride, JAMA 120 417-422 
(Oct 10) 1942 

418 Kellj, M New Light on Painful Shoulder, M J Australia 1 488-493 (April 25) 1942 

419 Chapman, J F Subacromial Bursitis and Supraspinatus Tendinitis Its Roentgen 
Treatment, California &. West Med 56 248-251 (April) 1942 

420 Judo\ich, B D, and Bates, W Scalenus Anticus SMidrome, T Internat Coll 
Surgeons 5 26-32 (Jan -Feb ) 1942 

421 Reichert, T L Compression of Brachial Plexus Scalenus Anticus S>ndromc 
TAMA 118 294-296 (Tan 24) 1942 
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with the head m forward flexion Two to four weeks of such treatment is usualh 
required for relief of sjmptoms He states that 60 of 74 patients w'ere relieved 
by this treatment and 14 required scalenotomy 

Hansson 422 states that 85 per cent of patients with the scalenus anticus syndrome 
can successfully be treated b) conservative measures He advises recumbency in 
bed with the arm suspended over the head When the patient becomes ambulatory 
a figure of eight bandage oi an aeroplane splint for the arm is applied Exercises 
also are given to elevate and abduct the scapula Heat is applied to the shoulder 
and an attempt is made to improve posture 

[Ed Note — Fonvaid flexion of the neck will lead to only temporary relief in 
the presence of contracture of the scalenus anterior muscle If theie is an asso- 
ciated cervical arthritis the sjmptoms wull be made w'orse Conservative treatment 
to be effective and lasting must secure an improved position of use and carriage of 
the entire shoulder girdle and neck, with the chest held high and the shoulder up 
and with veiy little lordosis in the cervical portion of the spine ] 

In the treatment of injuries to the acromioclavicular joint, Thorndike and 
Quigley 1-3 counsel conseivatism Thej r have observed 173 such injuries, most of 
them partial teais of the ligaments Such tears are demonstrated by increased 
mobility in this region The) advocate strapping the joint with adhesive tape over 
a felt pad This dressing is changed eveiy two days Diathermy also is given 
In most cases symptoms w'eie relieved in eight days 

Among the operative methods ot lepair of aciomioclavicular dislocation 
Phemister 424 advises a curved incision ovei the acromioclavicular joint A wure 
is placed through the acromion and the distal 1 inch (2 54 cm ) of the clavicle 
The wire protrudes laterally and is later removed Tw'O case histones are reported 
Tyler 426 employs procaine hydrochloi ide anesthesia and passes a screw' obliquely 
through the clavicle into the acromion A satisfactory end result was observed 
after two months Vargas states that in incomplete acromioclavicular dislocation 
nonoperative procedures usually aie satisfactoij' but that the)' are not satisfactory 
for complete dislocation A sabei incision is made over the anteromedial aspect 
of the shouldei The deltoid muscle is separated antenorlj in line with its fibers 
and the coracoid pioccss is exposed The short head of the biceps muscle is split 
longitudinally foi 6 cm A. hole is drilled through the clavicle The free portion 
of the biceps muscle is then threaded through the hole and sutured to itself The 
shoulder is immobilwed foi twenty days 

Bost and Inman l2 ‘ have found that the essential lesion in anterior dislocation 
of the shoulder is a teai of the glenoid labrum as described by Bankart This is 
not seen m the usinl opeiativc appioaches foi repan They report the pathologic 
changes obseived m 10 patients who were operated on b) Bankart’s technic In 
addition to the tear m the glenoid labium, a defect in the posterolateral aspect of 

422 Hansson, K G Scalenus Aaittuis Seadrome, S Clin North America 22 611-620 
(April) 1942 

423 Thorndike, A, Jr, and Quiglcj, T B Injuries to \cromio-CIaucular Joint Plea 
for Consere atn c Treatment, Am J Surg 55 250-261 (Feb) 1942 

424 Phemister, D B Treatment of Dislocation of Acromioc!a\icular Joint b\ Open 
Reduction and Threaded Wire Fixation, J Bone &. Toint Surg 24 166-16S (Jan) 1942 

425 Tjlcr, G T, Jr Acromiocla\icu!ar Dislocation Ti\ed b\ Vitalhum Screw Through 
Joint, Am J Surg 58 245 (Nos ) 1942 

426 Vargas, L Repair of Complete ^cronnocIaMcular Dislocation, Utilizing Short Head 
of Biceps, J Bone iX. Toint Surg 24 7/2-773 (Oct ) 1942 

427 Bost, r C, and Inman, \ T Pathological Changes in Rccurruit Dislocation of 
the Shoulder Report of Bankhart’s Operatise Procedure, T Bone & Toint '-urg 24 595-613 
(Jills ) D42 
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the humeral head and a fracture 01 erosion of the glenoid inn weie obseived The 
stages of the operative proceduie are 1 A long incision is made, with separation 
of the deltoid and the pectorahs majoi muscle and partial separation of the pectoralis 
major from the humerus 2 The tip of the coracoid is detached and turned down- 
ward and medially 3 The humerus is rotated outwaid, and the subscapulans 
tendon is divided near its insertion 4 The tear in the glenoid labrum is seen 
5 The glenoid 11 m is raised with a chisel, and the anterior capsule is sutured to 
the bone 6 The arm is bandaged to the side foi six weeks Eight patients have 
been observed for a sufficiently long time to permit evaluation of the treatment. 
Seven have had no lecurrence of the dislocation One, who had epilepsy, had a 
lecurrence of the dislocation three weeks aftei operation 

Nicola 428 advises operation on young, vigorous persons at the time of the first 
dislocation of the shoulder The capsule should be resutured, and the long head 
of the biceps muscle should be passed through the humeral head at least inch 
(13 cm ) from the edge of the articular cartilage In recurrent dislocations the 
capsule should be explored to determine the location of the teai The shoulder 
should then be reenforced with the long head of the biceps muscle and the strip 
of capsule which lies above it 

Raney and Miller 429 leport the end lesults for 26 patients suffering from 
recurrent dislocation of the shoulder who weie treated by the Nicola procedure 
Sixty-five per cent were cured Nine patients w r ere less disabled than before blit 
had recurrence of the dislocation 

Modifications of the Nicola operation are described Wahl 130 attaches the 
distal end of the biceps tendon to the periosteum just below the greater tuberositj 
Suture of the distal portion is performed with the arm in 45 degrees of flexion 
The proximal end is brought through a hole in the greater tuberosity and attached 
to the periosteum with the shoulder in 45 degree abduction The arm is held m 
this position with a spica for three weeks This is followed by physical therapj 
Thirty-one patients have been operated* on by this method with only 1 recurrence 
Glassman 431 avoids drilling through the articular surface of the humeral head An 
incision is made downward from the coracoid splitting the deltoid fibeis With 
the shoulder m 45 degree abduction and the elbow midway between pronation and 
supination, the long head of the biceps muscle is split lengthwise Flexing the 
elbow brings moie of the mtracapsular portion of the tendon into view The split 
portion of the tendon is pushed up through its canal and is then threaded through 
a hole m the lesser tubeiosit\ and fastened there No results of this procedure 
are reported 

Milgram 432 repoits the lnstorj of an 8 jear old gill who crawled but did not 
walk until the age ot 3 } ears There w r as marked forward displacement of the 
shoulders, so that anteriorly the} could be brought almost togethei A cuneiform 
osteotomy was performed in the outer third of each clavicle, after which a plaster 
shoulder dressing was worn for six weeks A greatly impioved appeal ance 
resulted 

428 Nicola, T Anterior Dislocation of Shoulder Role of Articular Capsule, J Bone & 
Joint Surg 24 614-616 (Jul>) 1942 

429 Rane\ , R B and Miller, O L Nicola Operation for Recurrent Dislocation of 
Shoulder Review of Twentv-Six Cases, South M J 35 529-532 (May) 1942 

430 Wahl, S Operative Treatment for Recurrent Dislocation of Shoulder, Ann Surg 
115 441-444 (March) 1942 

431 Glassman, J A Extra Articular Operation for Recurrent Dislocation of the Shoulder 
Joint Surg, Gynec 8. Obst 74 755-759 (March) 1942 

432 Milgram, T E Congenital Forward Shoulders (Quadrupedal Tvpe) Treatment 1" 
Clavicular Osteotomv Bull Hosp Toint Dis 3 93 96 (Julv) 1942 
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NERVOUS REGULATION OF CLOTTING MECH \NISM 

GfiZA de TAKATS, M D 

CHICAGO 


In a pievious communication 1 I described a 
imple clinical test of the clotting mechanism 
vlnch consists of the injection of 10 mg (1 cc ) 
if purified heparin intravenously and the de- 
ei initiation of capillary coagulation times before 
md ten, twenty, thnty and forty minutes aftei 
he injection It was found that the reaction to 
leparin is rather constant in the noimal person 
ait that it significantly changes to a diminished 
esponse in the first few days aftei major opera- 
ion's, in Buerger’s disease and following all types 
f thromboses Undei the influence of sulfui 
ompounds the hyporeactivity to heparin could 
e tempoianly coirected 2 
In this lepoit I wish to submit some observa- 
ons legarding the effect of autonomic nervous 
imuli on the heparin curve Cannon and his 
>woi kei s 3 have convincingly shown that 
oinephime injected in small amounts mtra- 
mously oi m laigei doses subcutaneously will 
101 ten the coagulation time from one half to 
le thud of the ougmal level Stimulation of 
le splanchnic neives resulted immediately or 
tci a bnef delay in the shortening of the 
lagulation time, which could last as long as 
u ty minutes The stimulation usually pro- 
iced less marked effects when it was repeated 
'lien the adienal gland was lemoved on the 
Je of splanchnic stimulation, the coagulation 
uc lcmamed unchanged, whereas on the 
>posite side the stimulation was still eftective 
lie fastei clotting time could therefoie be 
tnbutcd to discharge fiom the adienal glands 
uect stimulation of the nenes of the Inei and 

From the Dcpntnicnt of Surgeri, Unn erAiti of Mi- 
's, nnd the St Luke’s Hospital llus stud\ was aided 
a grant rcccncd from Hoff nnnn-La Roche, Nutlei, 

1 de T ak it«, G The Response to Heparin A 
st of the Clotting Mechanism, Surg , G\nce & Obst 

31, 1943 

2 deTaktts G The Effect of Sulfur Compounds 
Blood-Clotting, Surgeri 14 661, 1943 

3 Cannon W B , and Gra\, II Factors fleeting 
Coagulation Time of the Blood II Hastening or 

tarding of Coagulation In \drenahn Injections \m 
PInsiol 34 2 32, 1914 Cannon, V B, and Maiden 
1, V L III Hastening of Coagulation b\ Stunti- 
ng the Splanchnic Nertes ibid 34 243, 1914 IV 
e Hastening of Coagulation m Pam and Emotional 
citement ibid 34 231 1014 


intestines did not altei the coagulation time, so 
that adrenal discharge was necessarv to act on 
the liter or intestines The effect of the dis- 
charge was abolished when the liter and othei 
abdominal viscera were excluded 

When afferent nerves (sciatic or ciural) were 
stimulated, or if major operations tteie done 
with the subject under light anesthesia, the 
coagulation time became markedly shorter 
Emotional excitement of the animal resulted in 
lapid coagulation times (as short as one-half 
minute), which could be restored to normal b) 
bilateral splanchnic section Cannon regarded 
this phenomenon as one more eudence of the 
adaptive reactions which serve the organism m 
case of injur) 



Tig 1 — Effect of epinephrine on the heparin curie 
Rote that in both patients, who happened to be Inpcr- 
tuisne Inperreactors, 1 the curies were lower after the 
intraienous injection of 0 001 mg of the drug The 
continuous line is the curie beiore administration of 
epinephrine, the broken line, after 

\ agal stimulation, on the other hand seemed 
to prolong the coagulation tune according to the 
obsenations of Plattner and Kodera 4 and Zuii7 
and La Barre ' \ stud) of their dat i Imvotr 

is not too impiessne, since the differences were 
not great before and after stimulation Instead 
ut using a single determination oi the clotting 

4 Planner, F and Kodera \ Dcr Linflv - der 
\ agu'reizung aui die Gennmmg-zat dcs Blcte- Pilcg 
arch i d gc: Pin c io! 219 5t>4 l°2s 

5 Zunz E , am] I a Barre I \cti< i dt 1 1 c' ’ r 
et de ees denies aan« la coagulation da ■• |r ? Cf”; 
rend Soc. de biol 90 121 1°24 \ct on ce b c 1 t-r* < 
de l’acctilchohne Aur la transiormatic i iU p-c ozi - 
in Aerozine ibid 90 6'' M24 

1(F 
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time to stud} the extent of these neurogenic 
influences, the heparin curve, a tolerance test 
was utilized by my associates and me since it 
was much more sensitive to a change m clotting 
factors In addition, these studies revealed 
another heretofore unrecognized phenomenon, 
namel}, that the human response to heparin is 
biphasic 



Fig 2 — The biphasic reaction to heparin The first 
phase is ov er in fiv e minutes and is therefore completely 
missed in the usual test for heparin tolerance The 
second phase lasts from thirty to forty minutes The 
shape and duration of these two curves suggest that 
their mechanism is not identical 


The analysis ot these curves, howevei, led to 
the surprising discovery that the hepann curve 
really represents a biphasic reaction, of which 
usually only the second phase has been measured 
Thus if the coagulation time is determined sev- 
eral times during the first five minutes a use 



Fig 4 — Mecholv 1 markedly exaggerates the first and 
slightly exaggerates the second phase of the hepann 
curve Mecholyl is known to mobilize epinephrine The 
continuous line is the curve before administration of 
10 mg of mecholyl, the broken line, after 


OBSERVATIONS 

The Effect of Epinephnne on the Hepann 
Cinvc — In two hypertensive patients who re- 
ceived 0 001 mg of epinephrine intravenously, 
it was found that this drug markedly inhibited 
the reaction to heparin (fig I) Foi the first 
patient the coagulation time rose only to five 
minutes, instead of eight minutes, and the curve 
piomptly returned to normal at twenty minutes, 
whereas for the control it took another ten 
minutes for the clotting time to return to normal 
For the second patient the peak of the hepann 



Tux 3 — Xotc tint epinephrine has exaggerated the 
first and depressed the second phase Epinephrine mav 
bare mobilized an antiheparin factor (prothrombin ? ) 

1 =hovvs the curves for Hilda F, who had lnper- 
ten'ion , D, tor Belle S , with the same condition The 
continuous line is the curve before administration of epi- 
nephrine , the broken line, after 

curie was reached onh at tuentv minutes, after 
epinephrine was gnen the curve had alreadi 
markedh dropped and showed a clotting time 
of five instead of ten minutes These observa- 
tions could be repeatedl} duplicated 


and fall of the coagulation time can be obseived 
which escapes one’s notice if the determinations 
are made at the customary intervals of ten 
minutes (fig 2) Uniformly the curves are seen 
to rise and fall These curves reveal that the 
inhibiting action of epinephrine is exerted on 
the second phase, since the first phase, especially 
in the case of Belle S may be markedl) exag- 
geiated (fig 3) 

The Effect of Pai asympathetic Stimulants on 
the Hepann Curve — Interestingly enough, the 
subcutaneous injection of mecholyl markedly 



Fig 5 — The effect on the heparin curve of prostig- 
mine 1 2,000 gnen subcutaneouslj The continuous 
line indicates tolerance to hepann before administra- 
tion of 1 cc of prostigmine in a dilution of 1 to 2 000 , 
the broken line, thirty minutes after 

exaggerates the first phase of the heparin curve 
and only slightly potentiates the second (fig 4) 
One cubic centimeter of prostigmine 1 2,000 
gn en subcutaneousl} , usually raises the heparin 
curve (fig 5) This drug has been given in a 
series of cases in the g}necologic service of Dr 
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H O Tones at St Lukes Hospital every four 
hours tor tort} hours As shown in my first 
communication, 1 the heparin curies usuall} be- 
come flat on the first two to four days after 
operation and this is the time w hen the danger 
ot initial thrombosis is the greatest (fig 6) 
The prostigmme medication, however, prevents 
the flattening of the curv e on the first few dav s, 
and even the lowest curves shown (figs 7 and 



Fig 6 — Postoperative resistance to heparin Note that 
in Helen \\ there is complete lack of response to heparin 
on the second and third postoperative days In Mane 
H the response is absent on the day of operation and 
extremely poor on the second postoperative dav (from 
de Takats, G Heparin Tolerance, Surg, Gynec &. 
Obst 77 31, 1943) A shows the curves for Helen W 
vv ith a ruptured appendix and diffuse peritonitis , B, 
those for Marie H with congenital hypoplastic ladnev 
and hvpertension who had undergone nephrectomv 



Fig 7 — Daily heparin curves lollowmg subtotal hvs- 
terectomies during and after medication with prostig- 
mine Note that the usual flattening of the postoperativ e 
curves is absent and even the flattest curves are within 
normal limits The curves on the second dav, which are 
usually the flattest, are quite high because of the medi- 
cation The patients received 1 cc. of prostigrmne, 
1 2,000, every four hours for forty hours A shows 
the curves for if ary McH , aged 34, B, for Mary M , 
aged 68 C, for Marie Th., aged 28 (she had a sensi- 
tization reaction on the fourth dav ) , D, for Margaret 
O’C , aged 80 , E, for Ruth B , aged 34, and F , for 
Gertrude S , aged 43 The dash line is the preoperative 
curve, the dash and dot line, the highest curve, and the 
continuous line, the lowest curve. 


8) are within the normal range On the second 
da} , w hen one is accustomed to see a flat curv e 
the curves are higher than the} were pre- 
operatively, owing to the medication with 
prostigmme 

RESULTS 

There can be no doubt that the adrenergic 
and cholinergic components of the autonomic 
nervous s}stem exert an effect on the clotting 
mechanism The discharge of the adrenals, as 
Cannon 3 has show n, shortens coagulation time 
and he suggested that epinephrine acts by caus- 
ing the discharge of something from the liver 
and intestines which hastens coagulation 

The Viennese school of ph}siologv first 
brought to notice a factor controlling the venous 
outflow from the hv er b} a sluice mechanism 6 
The pharmacologic response of these sphincters 
situated near the caval opening ot the hepatic 
v eras has been extensiv eh studied ' Histamine 



Fig 8 — Four additional senes of curves on hvsterec- 
tomized patients during and following medication with 
prostigmme Note that m the case of Lena T and 
Augustine V the curv es w ere flat m spite of medication 
In the first of these patients a postoperative thrombosis 
dev eloped, manifest on the fourteenth dav The patients 
received 1 cc of prostigmme, 1 2,000, every four hours 
for forty hours A shows the curves for Victoria Th 
aged 47 , B, for Eunice S , aged 40 , C, for Lena T , 
aged 65, and D , for Augustine V , aged 49 The dash 
line indicates the preoperative curve, the dash and dot 
line, the highest curve, and the continuous line, the lowest 
curve. 

closes, epinephrine opens, these sphincters , there 
is, how'ever, considerable variation m different 
species of animals and according to the doses 
employed Since plasma prothrombin is manu- 

6 Mautner, H , m Pick, E P Ueber die durch 
Schockgifte erzeugten Zirkulationsstorungen, Munchen 
med Wchnschr 62 1141, 1915 

7 Bauer, W , Dale, H H , Poulsson. L T , ano 
Richards, D W The Control of Circulation Through 
the Liver, J Physiol 74 3-3, 1932 Tarnter, M L, and 
Dock, W Further Observations on the Circulator- 
Actions of Digitalis and Strophantin with Special Ref- 
erence to the Liv er and Comparisons with Histamine ana 
Epinephrine, J Clin. Investigation 8 485, 1930 
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iactured — at least to a great extent — m the liver, 
it seems possible that sympathetic nei\ous stimuli 
may discharge prothrombin from the liver This 
view is suppoited b> the observation of an in- 
crease in the level ot prothrombin after 
epinephrine or neosynephrin Conversely the 
cholinergic parasympathetic drugs, such as 
mecholyl and prostigmine, close the hepatic veins 
and prevent a steady supply of prothrombin 
flowing from the liver The behavior of the 
heparin curve after adrenergic and cholinergic 
stimuli w ould then reflect changes in pro- 
thrombin levels 

There are other possible mechanisms to be 
considered Heparin is manufactured in the 
mast cells of Ehrlich, from which it is discharged 
into the vascular system The mast cells have 
been show n to empty in peptone shock 8 * In 
peptone shock the blood is incoagulable and 
contains an excess of heparin It is conceivable 
that diugs constricting or dilating blood vessels 
mat empty or retain the heparin content of the 
mast cells Thus a vasoconstrictor closes, a 
dilatoi opens, the small communications of the 
mast cells with the vasculai tree This problem 
can be attacked only by adequate histologic 
technic, and such studies aie now under w'ay 

Fmall), one must regaid these autonomic 
stimuli as possiblj affecting the quantity of 
thromboplastic substances circulating in the 
blood There is, how'ever no quantitative 
e\ idence of such an effect 

Whatever the mechanism, or mechanisms, aie 
which bring about the changes in the clotting of 
the blood following autonomic stimuli, it is 
certain that they operate in the human being 
ubjected to such stimuli In certain patients 
such states of fear and anxiety develop before 
operations that their blood pressuie and blood 
sugar and temperature rise , in others the stress 
ot an argument or a tiring conference develops 

8 Jorpes E , Holmgren M , and Wilander O 

Lteber das Yorkommcn \on Heparin m den Gefnsswon- 

den nnd in den \ugcn Ztschr f nnkr -anat Torsch 

42 279, 1937 


thrombosis , m railroad engineers alighting from 
a strenuous transcontinental tup a cardiovascular 
accident sometimes occurs There seems to be 
a lag between the time of the actual nervous 
sti ess and the actual clotting phenomenon 0 

The clotting time shoitens aftei hemorrhage, 
this reaction is an expiession of a sympathetic 
excitation of the adrenals, accompanied by 
increased heait rate, panting and marked 
sweating 10 

These stimuli ai e of diencephalic origin , 
diencephalic depressants, such as the baibi- 
turates, are capable of relieving anxiety befoic 
opeiation, their preoperative and postoperatn c 
use is indicated Postignune m our experience 
has improved the clotting tendency of the post- 
operative state and is useful to combat post- 
operative atony of the intestines and bladdei 
Patient’s feai of thrombosis may actually con- 
tnbute to its occui lence 

In another publication, with Petei sen 11 the 
effect of weather on thrombosis and embolism 
w'as discussed It is moie than likely that 
climatic conditions affect man tlnough the 
autonomic nervous system 

SUMMARY 

The clotting mechanism of patients, as tested 
b} their lesponse to hepann, is under neurogenic 
influence Adrenergic stimuli increase, cholin- 
ergic stimuli decrease, the tendency to thrombosis 
Fear, apprehension, nervous stiain and hernoi- 
rhage increase the tendency to clotting , prostig- 
mine, a drug frequently used as postopeiatne 
medication, by its cholinergic action lessens tin 
postoperative tendency to thrombosis 

122 South Michigan Aicnue 

9 Gilbert, N C Personal communic ition to the 
author 

10 Freeman, N E Hemorrhage in Relation to 
Shock Experiment il Effect of Intraacnous Injection 
of Saline, Gum Acacia and Blood on the Rate of Adrenal 
Secretion Resulting from Hemorrhage, Ann Surg 101 
484, 1935 

11 dc Takats, G, and Petersen, \V S The Me 
teorologic Factor in Pulmonarj Embolism, Surgery 7 
819, 1940 


SIGNIFICANCE OF SUPRACLAVICULAR SIGNAL NODE IN PATIENTS 
WITH ABDOMINAL AND THORACIC CANCER 
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The significance of metastasis to lymph nodes 
in the supiaclavicular space secondary to cancer 
onginating in the abdominal and thoiauc viscera 
has long been of interest to surgeons and patholo- 
gists Vnchow 1 in 1848 first recognized the 
necessity for a caieful examination of the supia- 
clavicular fossa in patients with abdominal 
tumors In 1889, Troisier 2 published a stud}' 
of 27 primary abdominal tumois, the majoiity 

From the Gastric Service of the Memorial Hospital 
for Cancer and Allied Diseases 

1 Virchow (Zur Diagnose der Krebse lm Unterleibe, 
Med Reform, 1848, p 248) suggested the importance 
of examining the region of the jugular veins in patients 
with obscure abdominal disease He stated that “because 
of the constancy of the connection between the abdominal 
organs and the lymph nodes in the neck, one sees in no 
other place in the body, the peculiar, coincident disease 
of the last with the cancerous condition of the first ” 
The discovery and proper interpretation of the enlarged 
supraclavicular node were heralded as important for 
determining the nature of the abdominal disease The 
presence of this lymph node may be the first sign of evi- 
dence of an abdominal tumor, but the absence of such a 
node has no prognostic importance whatsoever 

2 Troisier (L’adenopathie sus-claviculaire dans les 
cancers de l’abdomen, Arch gen de med 1 129-138 and 
297-309, 1889) drew conclusions from his study which 
aie equallj \alid todaj Although cancer propagates 
usual h from node to node, distant lymphatic metastases, 
e g from perigastric nodes to supraclavicular nodes, may 
occur without involvement of intermediate ljmph nodes 
In this dissemination, the cancer cells may pass along 
the thoracic duct without invading its walls , indeed, 
this is usually the mechanism of transfer, as cancerous 
hmphangitis was considered by Troisier to be quite 
rare He commented on the predilection for such 
metastases to occur on the left side, and offered a correct 
explanation through the anatomic relationship of the 
left supraclavicular node with the termination of the 
thoracic duct at the confluence formed by the jugular 
and supraclavicular veins He urged the examination 
af the supraclavicular space in all patients with “organic 
affections” of the abdomen, observing that m their m- 
'ipiencj the metastases m these nodes are noticeable 
mlj by palpation and that deformity of the supraclavicu- 
ar fossa is of later development The discovery of this 
lard lymph node may bring to light a latent cancer of 
he stomach or other viscus, which up to then had pro- 
luced only mild functional disorders Although the 
upraclavicular lymphadenopathy is not always a late 
namfestation and may precede the development of 
achexia, it usually indicates an advanced stage or gen- 
rahzation of the cancer The appearance of the char- 
icteristic ljmph node contraindicates any attempt at 
urgical removal of the primary cancer inasmuch as 
leath ineutablj ensues within a few months 


in the stomach, which had metastasized to supra- 
claviculai nodes The eponyms of Virchow’s 
oi Troisier’s node have been populaily used to 
this day 

Invasion of the supiaclavicular nodes by can- 
cel ongmating within the abdominal oi thoiacic 
cavity may become apparent during the course of 
development of the pnmary tumoi, oi the signal 
node may appear as a terminal manifestation 
of generalized cancer, oi in some lemarkable 
instances the enlarged supraclavicular nodes may 
constitute the only clinical evidence of cancer, 
the primary site of which remains to be found 

Unfortunately the discovery of these metastatic 
lesions connotes a poor prognosis with practi- 
cally no possibility of curative tieatment In 
only a few exceptional cases has any control of 
the cancer been obtained foi any appreciable 
length of time Many attempts have been made 
during the last two decades to treat the metastatic 
cancer in the signal nodes by radiation therapy 
But the nature of the extension and the origin 
of the cancer aftord sufficient explanation for 
the failure of efforts at palliative irradiation and 
the contraindication for surgical intei vention 

In the Memorial Hospital abundant clinical 
material is available for a study of metastasis to 
supraclaviculai nodes , these data are supple- 
mented by neciopsy lecords A thorough analy- 
sis was made of these visceral cancers, at which 
time it was observed that not all of them ex- 
hibited the same tendency to spread through the 
lymphatic system, resulting in supraclavicular 
metastases Many variations have been found 
with relation to the primary site of the tumor 
and the nature and degree of malignancy of the 
cancer, thus making it difficult to compile the 
results of the different investigations and to 
obtain definite answers to these problems Of 
4,365 patients with abdominal and thoracic 
tumors who were treated in the last two decades 
m the Memorial Hospital, only 122 presented 
supraclavicular metastases, that is 2 8 per cent 

The cases employed m this study had the diag- 
nosis verified in each instance by pathologic 
examination either by study of an excised node 
or b} aspiration biopsy 
109 



1 10 


ARCHIVES Of SVRGERV 


A ievie\v of the clinical histones of patients 
with cancer of the liver, small intestine, gall- 
bladder and urinary bladder has afforded no data 
concerning the incidence of supraclavicular 
metastases This lack of information is not con- 
sidered significant inasmuch as there are no 
pathologic or anatomic reasons to support these 
exceptions However, the presence of such me- 
tastases has been leported by several authors 

Studies have been made with regard to the 
exact location of the supraclaviculai metastases, 
their anatomic relationship to the region and the 
method of invasion from the primary tumor 
Much practical knowledge of the lymphatics has 
been secured through clinical and pathologic 
observations , so in this instance, a proper con- 
ception of the lymphatic anatomy of the involved 
regions will explain the anatomic and physical 
methods of development of the metastases 

SURGICAL ANATOMY Or Till SUPRA- 
CLAVICULAR SPACE 

The supraclavicular space is made up of vascu- 
lar and nerve elements separated from the skin 
by a thin layer of cellular tissue and the super- 
ficial cervical aponeurosis and in the most 
inferior part by the medial cervical aponeurosis 
which descends from the omohyoid muscle to the 
clavicle This constitutes an important clinical 
and surgical passage which communicates with 
three regions, the carotid, the axilla and the 
mediastinum 

From a purely anatomic point of view, the 
space has three walls or boundaries an outer 
one separated by the different superficial planes 
of the skin and traversed on the inferior part 
by the omohyoid muscle , a lateral wall compris- 
ing the different muscles arising from the cervi- 
cal column and extending down and outward 
to the angle of the scapula and the postenoi 
scalenus, and an internal wall with the anterior 
scalenus muscle as the floor of the compartment 
From front to back there are tw o spaces through 
which there are ample communications with the 
posterior mediastinum The supraclav lcular vein 
passes through the anterior hiatus The superior 
scapular arterv, the phrenic nerve, the supra- 
clavicular arterv and the different branches of the 
brachial plexus pass through the posterior hiatus 
The first rib divides the base of the supraclavicu- 
lar fo^-a into two portions an external segment 
which is cor/inuous with the apex of the axilla 
and through which the neurovascular bundle of 
the subclavian vessels and brachial plexus pass 
and the internal segment which is an upward 
extension with the superior orifice of the thorax 
and communicates with the apex of the lung the 


pleuial space and the fibiomuscular tracts which 
form the suspensory ligament of the pleuia 
The contents of the supraclavicular fossa are 
composed of the impoitant arteries, veins and 
nerves which come from the neck and body , the 
brachiocephalic on the light and the subclavian 
artery with its different blanches and the distant 
part of the descending aorta on the left, the 
phrenic nerve, and the brachial plexus A layei 
of fatty cellular tissue surrounds the vascular 
and nerve elements and serves to nourish and 
sustain them where they join the aieolar cellulai 
tissues of the carotid region within and below 
with that of the mediastinum, and below and 
outward with that of the axilla In this fattv 
cellular tissue are found, in addition, the deep 
lymph nodes of the supraclavicular space, the 
terminal branches of the lymphatic system, the 
great lymphatic vein on the right and the thoracic 
canal or duct on the left 

The great lymphatic vein collects the lymph 
from the right half and supradiaphragmatic por- 
tion of the chest, its termination has many 
vanations The thoracic duct collects the lymph 
from all of the left supradiaphragmatic poi tion of 
the chest, running from below upward through 
the posterior mediastinum to the level of the 
seventh cervical vertebra, where it reverses its 
direction in a terminal descent The caudal poi- 
tion of the duct is commonly formed by the union 
of three trunks, one on each side which drains 
the lumbar lymph nodes and a middle third 
which constitutes the intestinal trunk The 
intestinal trunk is formed by the union of efleient 
lymphatic vessels from the mesenteric lymph 
nodes and the celiac lymph nodes The origin 
of the thoracic duct is often in a dilated portion 
of the duct known as the cistern of Pequet or 
cistema chyli After the formation of the short 
descending cervical portion, the duct ends in the 
internal jugulai vein, or in the jugulosubclavian 
junction itself or occasionally in the left sub- 
clavian vein The termination of the thoracic 
duct opens in seveial ways (Buy and Argaud) 
Whenever it opens directly into the vein, peipen- 
dicular to the direction of the blood current, the 
orifice is supplied with two competent valves, in 
other instances the thoracic duct opens into the 
v enous trunk obliquely by traversing the w all of 
the vein in such a way that the thoracic duct is 
compressed by the distention of the vein, which 
ordinarilj renders impossible a reflux of blood 
into the thoracic duct (Rouvicrc) 

The fatty cellular tissue of the supraclavicular 
space also surrounds a great number ot den) 
lymph nodes in this region, into which cinptv 
efferent lv mplntic vessels from the head and 
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neck Im asion of these lymph nodes by cancel s 
ot the oral cavity, pharynx, laiynx and sinuses is 
v ell known 

The lymph nodes 01 signal nodes m which we 
are interested aie the left supi aclaviculai 01 deep 
inferior cervical node, the effeient branches of 
which enter the terminal part of the jugular 
tiunk, and the light supi aclavicular node situ- 
ated in a similar position with regard to the 
light great lymphatic vein and its three blanches 
of ongin It should be lestated heie that these 
gi eat lymphatic trunks do not empty directly into 
the signal nodes, the only communication is the 
eflerent lymph channel from the node into the 
major lymph tiunk With this anangement, the 
secondary involvement of the node by metastatic 
cancer from the abdomen or thorax can occui 
only by some form of retrograde extension 
(% 1 ) 



Fig 1 — The terminal portion of the thoracic duct 
A indicates the jugular vein , B, the thoracic duct , C, the 
subclavian vein, and D, the sentinel node of Virchow- 
Troisier (From Testut, L, and Jacob, O Traite 
d’anatomie topographique avec applications medico- 
chirurgicales, ed 2, Paris, Gaston Doin & Cie, 1909, 
vol 1, p 729, fig 511 ) 

METHOD or INVASION OF THE SUPRA- 
CLAVICULAR LYMPH NODES 

The neoplastic cells enter the lymphatic vessels 
in the vicinity of the primary cancer and are 
deposited m the lymph node serving as the catch- 
ment basin for these particular vessels The 
progressive growth of this cancer deposit finally 
blocks the flow of lymph to the lymph node The 
invasion of the more central nodes is accom- 
plished by new emboli from the lymph nodes first 
invaded and on occasion by infiltration and 
anastomosis among the lymph nodes Finally 
the cancer cells invade efferent lymphatic ves- 
sels from the last chain of nodes and these minor 
trunks are the tributaries of the thoracic duct 
By traversing the thoracic duct, the general 


cnculation is leached with lesultant metastases 
at a distance and especially m the lungs 

The cancer cells tiavel along the lymphatic 
vessels as emboli or by infiltration The theory 
of embolic spiead is most generally accepted, 
cancer tissue has not always been found in the 
mtei mediate lymph vessels and in some instances 
a cancer has been controlled by tieatment 
dnected only to the primary lesion and the 
metastases without affecting the intermediate 
tissues, e g , amputation of a toe for subungual 
melanoma and dissection m the grom foi meta- 
static melanoma 3 The theory of lymphatic pei me- 
ntion championed by Handley 4 is supported by 
the result of lepeated microscopic studies in 
which a chain of tumor tissue is sometimes found 
in the lymphatic vessels following its general 
direction Willis 6 found invasion of the thoracic 
duct as well as supi aclavicular metastases in 13 
of 20 patients at autopsy In 1 patient the 
obstruction was complete, whereas in others it 
was limited to the abdominal portion In 7 
patients the thoracic duct was completely free but 
the tributary abdominal lymph nodes were the 
seat of metastases which reached the cervical 
region by embolic transfer 

Willis has emphasized the importance of 
invasion of the thoracic duct by cancer In his 
series of 323 postmortem examinations for can- 
cer, he observed involvement of the thoracic duct 
m 9 (2 8 per cent) patients, in 147 instances of 
subdiaphragmatic cancer, the incidence was 6 1 
pei cent In cases collected from the literature, 
Willis found that cancer of the stomach was the 
diagnosis in 27 of the 81 cases in which invasion 
of the thoracic duct was discovered at necropsy 
The duct may be partially or completely occupied 
or distended by a solid column of cancer oi 
extensive thiombosis of the lymph in the duct 
may follow tumor invasion The presence of 
cancer m the thoracic duct is an important source 
of embolic dissemination to the lungs Visible 
pulmonary metastase'- were present m 31 of 81 
cases reviewed by Willis and tumor emboli were 
found microscopically in the additional cases 
Cancerous occlusion of the thoracic duct was 
considered to be the most frequent cause of 
chylous ascites, but this complication was not 
always evident 

The direction of the lymph current through 
the thoracic duct is governed by various factors, 

3 Pack, G T , and Rehers, P The Management of 
Malignant Tumors in the Groin A Report of One 
Hundred and Twenty-Two Grom Dissections, Am J 
Surg 56 545-565, 1942 

4 Handley, W S Cancer of the Breast and Its 
Treatment, London, John Murray, 1922, pp 49-63 

5 Willis, R A The Spread of Tumours in the 
Human Bodj, London, Edward Churchill 1934, pp 26-50 
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one of which is the state of the valves which are 
located principal^ in each extremity of the duct 
Insufficiency of the valves in the terminal pait 
of the thoracic duct is onlv partially coriected by 
the short distance in which the duct runs parallel 
to the walls of the vein and blood is commonly 
found in the terminal part of the duct at autopsy 
The principal factor responsible for the flow' of 
hmph in the thoiacic duct tow'ard the jugular 
rein is the negative piessure m the thorax din- 
ing inspiration 

The isolation of tumor emboli or the partial 
or total blocking of the duct can change and 
divert this flow The emboli maj' conceivably 
lodge behind the v alves at the tei mination of the 
duct and establish small mural tumor thrombi 
Obstruction of the thoracic duct at the point of 



stomach to left supraclavicular signal node The route 
is along the different ljmph -vessels to the perigastric 
hmph nodes, the coronarj, celiac and superior mesen- 
teric nodes Bv wav of the truncus mtestmalis the 
emboli enter the cisterna chjli, travel upward along the 
thoracic duct and enter the svstemic venous circulation 
it the left side of the base of the neck The sentinel 
lvmph node is shown located behind the sternal head 
of the left stcmomastoid muscle. B, diagram to show 
involvement ot sentinel node bv metastatic cancer 
(Courtesj of Lmmrston E M The Abdominal Cav itv 
and Peritoneum New \ork, Paul B Hoeber, Inc, 1932 
p 462 fig 234 1 

entrv into the jugular vein results in a distention 
of the efferent lvmphatic vessels of the signal 
node, stasis of Ivinph and retrograde 1) mphatic 
infiltration ot the cancer cells into the signal node 
ffig 2) Whatever the method of invading the 
thoracic duct mav he the mechanism bv which 
the left signal lvmph node i« involved is a retro- 
grade one going in an almost contrarv manner 
to the Ivmplnttc current of the efferent vessels 
from the node The pressure ot the lvmph in 


the thoracic duct as in othei lymph vessels is 
extiemely low, therefoie a blockage of the 
channel easily leads to a leversal oi retropulsion 
in the direction of flow, which explains the 
bizarre metastases sometimes found from cancer 
of the stomach Blockage of the terminus of the 
thoracic duct with resultant stasis of l\mph flow 
may lesult in retrograde lymphatic permeation, 
not only of the efferent lymph vessels of the 
signal node but into other tnbutaiy lymphatic 
vessels of the chest and mediastinum, and of the 
flow into these collateral channels 

The mannei of this invasion has been ex- 
plained in difteient ways Stevens 0 and 'Willis 
believe that the tumoi extends along the thoracic 
duct and the inferior part of the lymphatic 
jugular trunk It has been said that during 
the act of expiration part of the contents of the 
duct with the cancel cells can return to the 
1) mphatic jugular trunk and into the efferent ves- 
sels of the supraclavicular signal node Finally, 
the blocking of the terminal part of the duct could 
determine the invasion of its wall and the prog- 
ress of the cancer cells along it in the same 
direction as the flow or m the opposite direction 

The supraclavicular lymph nodes can be 
invaded also by way of the efferent vessel s of 
the axillaiy region, the cancer cells metastasiz- 
ing from a primary abdominal tumoi acioss the 
junction of the abdominal wall with the thorax 
In a similar way, cancers of the abdominal and 
thoracic cavities may implicate the mediastinal 
1) mph nodes and ultimately reach one of the 
two supraclaviculai signal nodes In some of 
our studies the axillary nodes contained demon- 
strable metastases prior to the appearance of the 
signal node, and mediastinal invasion was found 
m the majont) of the autopsies on patients with 
abdominal cancers metastatic to the signal nodes 

The important role played by the thoracic duct 
and its relation to the supraclavicular lymph 
nodes is explained by the fact that involvement of 
these structures is so frequently encountered In 
the 322 patients with supraclavicular metastases 
in our study, 73 had involvement of the signal 
node on the left side and 31 of that on the right 
side and 18 showed bilateral supraclavicular 
metastases Invasion of the signal node on the 
right side which seldom occurs in the ease of 
abdominal cancers is at times explained on the 
basis ot invasion of the mediastinal nodes on tins 
side and in other instances bv anastomosis of 
the thoracic duct with the bronchial 1} mphatic 
tree In thoracic cancer, this association has 
been found in 51 6 per cent of the cases 

6 Stevens \\ W The Dissemination of Intn 
\bdnmirnl Malignant Disease bv Means of the Ljm 
pbatics and Thoracic Duct, Brit SI J 1 306 310 1907 
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INCIDENCE OF METASTASES TO SUPRACLAVIC- 
UL \R SIGN \L NODES FROM ABDOMINAL 
AND THORACIC CANCERS 

Cancels of the various abdominal and thoracic 
organs do not have the same rate or incidence of 
metastasis to the signal nodes One can usually 
understand the manner of propagation in each 
instance by studying the histologic nature of the 
pi unary tumor and its grade of malignancy along 
with its anatomic 1 elation to the organ and 
hmphatic ducts A more detailed discussion of 
these observations and the manner in which the 
metastases reach the supraclavicular lymph 
nodes iollows 

Supi aclavtculai Metastases ftom Primary Ma- 
lignant Ttimois of the Stomach — A long time 
ago the presence of a hard 1) mph node m the left 
supraclavicular fossa was described with fre- 
quency in association with carcinoma of the 
stomach To this phenomenon was attributed a 
diagnostic significance and prognosis which, m 


clavicular region had had two years of local 
radiation therapy without discovery of the pri- 
mary tumor At the end of two years of this 
satisfactory palliation a tumor of the stomach 
was discovered on roentgen examination Roent- 
gen therapy directed at the stomach prolonged 
this patient's life for an additional two years 
Necropsy revealed a. liposarcoma in the stomach 
with diffuse metastases to the 1 etropentoneal 
pei ipancreatic, mediastinal, axillary, femoral and 
supraclavicular lymph nodes 

The gastric lymphatic vessels dram into four 
major groups of perigastric lymph nodes, here 
the metastatic gastric cancer may lemam local- 
ized for a limited time, sufficient in many 
instances to peimit a surgeon to employ radical 
surgical treatment The secondary echelon of 
lymph nodes involved from gastric cancer aie 
the hepatic nodes, the para-aortic lymph nodes 
and the nodes in the region of the celiac axis 
When the cancer involves the secondary lymph 
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leality, is of value not only for tumors of this 
organ but also for any abdominal or thoracic 
cancer In 883 patients with gastric cancer 
iere have been only 23, or 2 6 per cent, with 
'upraclavicular metastases In 15 of these 
patients the metastasis occurred in the left signal 
tode, m 3 patients the metastasis was on the 
ight side, and in 5 patients both supraclavicular 
ossae w’ere involved It is extremely unusual 
or gastric cancer to metastasize to the right 
mraclavicular space In one particulai instance 
corded here, necropsy revealed metastatic 
nvasion of the mediastinal lymph nodes and 
lcinomatous lymphangitis of the lungs Two 
>f the patients came to the hospital complaining 
if the enlarged signal node as the sole mam- 
cc^ation of their disease One 34 veai old 
■atient who had metastasis to the left supia- 


nodes it is inoperable and incurable From the 
last two groups other lymphatic channels com- 
municate directly with the thoracic duct, and 
thiough this channel cancer cells ultimately reach 
the signal nodes in the left supraclavicular fossa 
Supi aclavtculai Metastases fiom Primary 
Cancer of the Panel eas — Carcinoma of the pan- 
creas metastasizes to various groups of lymph 
nodes m the advanced stages of the disease 
Bard and Pic noted a long time ago that the 
primary tumor may be quite small while the 
regional metastases may grow to a large size 
The lymphatic drainage of the superior half ot 
the head of the pancreas occurs into the lymph 
nodes along the pancreaticoduodenal arten , 
reaching the hepatic and celiac groups of lymph 
nodes Other lymphatic vessels dram the 
ferior portion of the head of the pan< 
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the bod) of this organ into lymph nodes m the 
inferior mesenteric chain of lymph nodes The 
lymphatics from the tail of the pancreas empty 
into lymph nodes associated with the splenic ves- 
sels until they ultimately relay into the celiac 
1) mph nodes By this route it is possible for cells 
to be tiansported to the cistern of Pequet and 
thence to the thoracic duct and left supraclavicu- 
lar space 

However, among the patients m this series 
(37) with carcinoma of the pancreas, there were 
only 3 instances of involvement of the signal 
nodes, or 8 1 per cent, and all 3 of these cervical 
metastases -were localized in the right supia- 
clavicular fossa Metastasis to the signal node 
m the right side was readily explained in 2 
instances by anastomosis between the abdominal 
organs and the nodes of the axillary region, the 
efferent lymphatic vessels of which led to the 
inferior segment of the neck In these 2 patients 
the axillary metastases were discovered before 
the appearance of the signal nodes in the right 
supraclavicular space 

The time of appearance of the signal node 
m one patient was five months after recognition 
of the primary pancreatic cancer, in another 
patient an aspiration biopsy of the signal node 
led to the investigation which revealed the pres- 
ence of the tumor in the pancreas, and m the 
third the site of the primary tumor was dis- 
coiered only at autopsy 

Supiaclaviculai Metastases ft oin Pumaiy 
Cancel of the Esophagus — In 210 patients who 
died from carcinoma of the esophagus 15, or 
7 1 per cent, were found at necropsy to have 
supraclai icular metastases The signal node 
was obnously involved by metastatic cancer in 
6 patients who came to the Memorial Hospital 
complaining only of dysphagia In 7 other 
patients metastatic mvohement of the signal 
node occurred during the final stages of the 
disease There w ere 2 patients whose chief com- 
plaint w as the presence of enlarging supra- 
cla\ icular hmph nodes, these patients had no 
s)mptoms referable to the esophagus, yet esopha- 
goscop) re\ealed the primary tumor to be situ- 
ated in both instances on the anterior wall of the 
esophagus The localization of the supracla\ icular 
metastases in carcinoma of the esophagus was 
on the right side m 8 cases, on the left m 5, and 
bilateral in 2 instances The situation of the 
pnmar) tumor m the esophagus may not be of 
irreat importance so far as the frequency of 
metastasis to signal nodes is concerned , tor 
example, 6 of the cancers were in the inferior 
third of the organ 5 in the superior and 4 m 
the middle third The relatne infrequency of 
imohemen* of the signal nodes in cancer ot the 


middle thud of the esophagus may be explained 
in part by the great rapidity with which these 
tumors grow m this location with direct exten- 
sion to the mediastinal lymph nodes, the great 
vessels and the respiratory system, with conse- 
quent early termination before sufficient time has 
elapsed to permit metastasis to lymph nodes at 
a distance 

Lymphatic invasion by esophageal cancel has 
been studied in the Memorial Hospital by Wat- 
son, 7 who found that it occuned in 44 per cent 
of his patients The lymphatic vessels of the 
esophagus follow' along the w'all for a certain 
distance before leaving the organ to empty into 
adjacent lymph nodes In carcinoma of the 
cervical part of the esophagus metastases occur 
first into the deep anterior paratracheal lymph 
nodes and then the internal jugular lymphatic 
chain Cancer of the midthoracic portion of the 
esophagus ultimately metastasizes to the medi- 
astinal and tracheobronchial lymph nodes and to 
lymph nodes scattered along the posterior wall 
of the esophagus and then to the supraclavicular 
spaces Esophageal cancer involving the in- 
ferior third metastasizes into the posterioi 
parietal lymph nodes, the diaphragmatic nodes 
and the lymph nodes m the region of the celiac 
plexus Whatever the location of the primary 
esophageal cancer, the signal nodes m the neck 
may ultimately be implicated 

The progress of the cancer after the appear- 
ance of the supraclavicular metastases has been 
rapidly fatal , only 2 patients lived a year 

Supraclaviculai Metastases from Primal y 
Cancel of the Rectum — Involvement of the 
signal nodes by metastasis from cancer of the 
rectum is a great rarity, as judged by the instance 
of its occurrence in the group of cases from the 
Memorial Hospital Of 928 rectal cancers only 
2, or 0 2 per cent, metastasized into the left supra- 
clavicular lymph nodes In 1 patient the signifi- 
cant enlargement of the node w'as discovered five 
months after a primary, inoperable rectal cancer 
had been diagnosed In the second patient, a 
rapidly enlarging signal node w r as found to be 
developing tw r o years after the primary cancer 
of the rectum had been apparently controlled 

Lymphatic extension of rectal cancer as a rule 
is more or less limited to the lymph nodes of the 
anorectal group, the hypogastric lymph nodes 
and others situated near the origin of the sig- 
moidal vessels Metastases at a distance from 
the pnmar)' rectal cancer are of late occurrence, 
and when the) do occur there is usualh clinical 
evidence of wsceral imolvement through the i 
blood stream 

7 \\ itson \V L Carcinoma of the Esophagus 
Surg Gwicc & Obst 56 884-897, 1933 
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Supi aclaviculai Metastases fiom Ptnnaty 
Malignant Tumois of the Kidney — Foui, or 
6 9 pei cent, of the 58 patients with malignant 
tumors of the kidney had demonstrable involve- 
ment of the supiaclavicular lymph nodes In 
these 4 patients pathologic study revealed two 
of the tumois to be adenocarcinoma, one to be 
an epidermoid carcinoma of the lenal pelvis, and 
the final one Wilms’s embryonal adenomyosai- 
coma occurring in a child 3 years of age In all 
patients the cervical localization was on the left 
side, and only in the case of the epidermoid 
carcinoma of the renal pelvis was the primary 
tumor undetected before demonstrable appear- 
ance of the signal node in the neck Malignant 
tumors of the kidney more frequently metas- 
tasize to the lungs, liver and bony structures than 
they do to regional lymph nodes, yet in the 4 
patients listed here there were no clinical evi- 
dences of pulmonary, hepatic and osseous metas- 
tases, such as are commonly found These 4 
patients died two years, five months, eight 
nonths and five months, respectively, after the 
demonstrable appearance of metastases m the 
ngnal nodes 

Supi aclaviculai Metastases fiom Pnmai y 
Cancel of the Piostate — Supraclavicular metas- 
ases from malignant tumors of the prostate were 
ound in only 2, or 1 9 per cent, of the 104 
jatients studied in this review In 1 patient the 
netastasis appeared in the left signal node Seven 
nonths after the primary prostatic cancer had 
>een treated In the other patient the first sign 
if cancer was the appearance of a hard firm 
ymph node in the right supraclavicular space, 
he diagnosis of cancer was made on biopsy of 
spirated material This led to a general physi- 
al examination and discovery of a primary 
amor in the prostate 

Various anatomic studies have stressed the 
lode of metastasis from cancer of the prostate 
letastases at a distance usually occur through 
le venous system , for example, Batson 8 empha- 
zed the role played by the vertebral veins m 
letastases to bone found in 70 per cent of the 
atients who had carcinoma of the prostate 
xtension by way of the lymphatic system is 
aite variable and generally remains localized to 
mph nodes within the pelvis These metas- 
ses occur m order of frequency to the hypo- 
istric lymph nodes, the iliac, para-aortic and 
guinal lymph nodes , the extension to the 
oi acic and cervical lymph nodes is a later relay 
ter invasion of the para-aortic group 

S Batson, 0 V The Function of the Vertebral 

ms and Their Role in the Spread of Metastases, Ann 
irg 112 138-149, 1940 


The 2 patients in this series showing involve- 
ment of the signal nodes died tv enty-one and 
fourteen months, respectively, after the appear- 
ance of demonstrable metastasis m the supra- 
claviculai space, at the time of death both 
patients had widespread osseous metastases 

Supi aclaviculai Metastases fiom Pnmai y 
Malignant Tumois of the Testicle — In a group 
of 166 patients with malignant tumors of the 
testicle supraclavicular metastases were found in 
8, or 4 8 per cent In these 8 patients 3 had 
embryonal carcinomas and 5 adult teratomas 
In all instances the metastasis occurred m the 
left supraclavicular fossa, and in only 1 patient 
did enlargement of the signal node appear as the 
initial evidence of the disease In 1 phenomenal 
case the metastasis in the supraclavicular signal 
node appeared twelve years after orchidectomy 

The embryonal carcinomas and chonoepi- 
thehomas of the testis are highly malignant and 
spread rapidly through both venous and lym- 
phatic channels, whereas the adult teratomas are 
inclined to metastasize at a later date and more 
commonly extend via the lymph vessels The 
route of metastasis for malignant tumors of the 
testicle, then, is through either the blood stream 
or the lymphatic system or both at the same 
time The preaortic group of lymph nodes is a 
most important one The inguinal lymph nodes 
are invaded only when the primary tumor of the 
testis extends directly to the scrotal skin The 
first nodal metastases appear as a rule m the 
upper part of the abdomen Invasion of the 
superior preaortic lymph nodes affords an expla- 
nation for the relatively high percentage of cases 
with metastases to the mediastinal lymph nodes 
followed by invasion of the thoracic ducts and 
finally involvement of lymph nodes m the supra- 
clavicular fossa Ferguson 9 reviewed the locali- 
zation of metastases m autopsies on 45 patients 
who died of malignant testicular tumors , he 
found epigastric metastases in 39 instances, 
mediastinal involvement in 11, and metastatic 
invasion of supraclavicular signal nodes in 
6 patients 

Supiaclavicular Metastases fiom Pnmaiy 
Caicmoma of the Ovaiy — Among 148 patients 
v ho had primary ovarian cancers, 9, or 6 1 per 
cent, had metastasis m the supraclavicular 1} mph 
nodes In all 9 patients localization of the supra- 
vascular metastasis was on the left side , m 4 the 
presence of the cryptic hard node was the initial 
sign or evidence of disease which prompted the 
patient to consult a physician In 1 instance the 

9 Ferguson, R S Studies in Diagnosis and Treat- 
ment of Teratoma Testis, Am J Roentgenol 31 356-365, 
1934 
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Examination of the supraclavicular lymph 
nodes should proceed m an orderly fashion by 
careful inspection and palpation to note any 
defect or distortion in the development of the 
skin and the localization, size, nioi ability and 
consistency of the tumors Biopsy on tissue 
aspirated with a 17-gage needle inserted under 
negative pressure and with local anesthesia may 
solve the problem of establishing a pathologic 
diagnosis In a series of 122 patients with 
involvement of the signal nodes by metastasic 
cancer in this series such biopsy was successful 
in obtaining a repi esentative specimen of tissue 
in approximately 85 per cent of instances 
Biopsy on aspirated tissue should not be relied 
on for the diagnosis of a tumor of the lymphoma 
group Whenever the results of such biopsy 
v ere inconclusive and the general physical 
examination did not offer a satisfactory explana- 
tion as to the nature and origin of the disease, 
a formal biopsy on excised lymph node was 
carried out 

From a practical point of view the patients 
with metastatic cancer involving supraclaviculai 
signal nodes can be separated into two groups 

(a) those with a known primary cancer at the 
time of admission and those with a primary 
cancer easily found at the time of the initial 
examination, but undetected by the patients, and 

( b ) a group with obvious involvement of the 
signal nodes by cancer metastatic from an un- 
determined primary site In the latter circum- 
stance, the examiner who is familiar with the 
significance of the supraclavicular signal nodes 
in patients with cancer of the head and neck, 
breast, thorax and abdomen will proceed to a 
detailed investigation in order to rule out or 
detect the presence of malignant tumors of the 
head and neck, breast, the upper extremities, 
the skin and trunk, and will continue with the 
methodical exploration of the different organs 
of the abdominal and thoracic cavities from 
which cancer is capable of metastasizing to the 
cervical ljmph nodes A pathologic diagnosis 
of metastatic adenocarcinoma or epidermoid 
carcinoma aids the clinical investigation con- 
siderably by determining a definite organ or 
s) stem 

Cervical dissection of supraclavicular metas- 
tases from primary cancers of the abdomen or 
thorax is certainly contraindicated When this 
region is secondarih imohed the cancer is out 
of surgical control and other metastases at a 
distance gne a poor prognosis and shorten the 
hte of the patient In the case of malignant 
tumors ot the head and neck removal of the 
supraclaMctilar hmph nodes and radical dissec- 


tion in the neck compnse a lational pioceduie, 
this is also true in the case of ceitain malignant 
turnois of the skin, notably melanomas and epi- 
dermoid caicinomas situated on the supenoi 
part of the body and shoulders Even in cancel 
of the breast Halsted had at one time practiced 
a continuation of the axillary dissection into 
the supraclavicular space, but today most sui- 
geons operating for mammary cancers considei 
the involvement of supraclaviculai lymph nodes 
as constituting an inoperable stage of the disease 

The only treatment considered worth while for 
metastases to the signal nodes secondary to 
abdominal or thoracic cancer is external 11 radia- 
tion by means of high voltage roentgen rays or 
the 4 Gm radium element pack As the treat- 
ment is palliative rather than curative it is diffi- 
cult to evaluate the advantages of the various 
modalities of irradiation, but the clinical impres- 
sion exists on a review of the end-results ob- 
tained that the radium element pack has pioved 
superior to the ordinal y high voltage roentgen 
lays and the manner of then application in the 
treatment of supraclaviculai metastases At 
times a complete regression of huge deposits of 
metastatic cancer in the supraclavicular space 
has been obtained with a worth while disappeai- 
ance of the signs of pressure on the blood vessels 
draining the upper extremity, and relief of pain 
from pressure against or invasion of the brachial 
plexus has been secured Interstitial irradiation 
by the deposition of gold radon seeds into the 
supraclavicular lymph nodes either with or with- 
out surgical exposure by incising the skin is 
contraindicated, although this treatment has been 
used in a number of cases m this series 
Inasmuch as the purpose of the radiation therapy 
is to secure the utmost in palliation, this objec- 
tive is defeated when interstitial irradiation is 
employed, because of the frequent intractable 
brachial neuritis which may ensue 

As for the ultimate or far reaching end results, 
such treatments are designed only to relieve 
pain and discomfort They have not modified 
the course of the disease as far as the duration 
of life is concerned, because this end result is 
governed solely by the location, the character- 
istics and the degree of malignancy of the pri- 
mary cancer and by other metastases which 
already exist as a rule in other parts of the 
bodv 

SUMMARY 

Invasion of the supraclavicular lymph nodes 
from abdominal and thoracic cancers is relativ ely 
rare In a group of 4,365 patients treated for 
th’se cancers in the Memorial Hospital only 122 
or 2 8 per cent, were found to have mvohement 
of the signal nodes 
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The gieatei frequency of metastases to the 
left side (59 8 per cent) is explained by the 
lelationship of the thoracic duct with the supra- 
clavicular nodes on this side Metastatic involve- 
ment of lymph nodes in the light supiaclavicular 
space (25 4 per cent) is less frequent and occurs 
mainly in patients with tumors of the thoracic 
cavity Bilateral invasion of the supraclavicular 
nodes (14 8 per cent) is also more commonly asso- 
ciated with thoracic than with abdominal cancel 
In 81 patients, the signal nodes were invaded 
only in the advanced stages of the cancel and 


in the majority at the same time generalized 
metastases appealed m other organs 

In 41 patients, the supraclavicular metastases 
constituted the first clinical sign of a malignant 
tumor and led to a search for the primary site 
of the cancer Aspiration biopsy was a valuable 
aid in the solution of these diagnostic problems 
Palliative treatment by irradiation improved 
the local or supraclavicular condition and at 
times conti oiled the primary cancer for a certain 
length of time without appreciably increasing the 
length of life 
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ampere, so that for twelve recoidmg systems a 
current of 0 6 ampeie is needed This power is 
required for about one second of each one 
minute cycle It can therefore be produced either 
In using a rectifier dimensioned for the average 
amperage (in which case the smoothing filter is 
dimensioned for full power) oi by having the 
timing impulse reach, in succession, one counter 
aftei another In this case the rectifier as well 
as the smoothing filtei can be dimensioned foi 
the power consumption of only one message 
register 

By use of such an apparatus quantitative data 
can be obtained on all aspects of the enzymic 


digestion of absorbable sutures, and results 
be related to the duration of tensile strength 
the sutures in the tissues It should be point 
out that this appaiatus is equally suitable fi 
the study of the enzymic digestion of otl, 
natuial and synthetic protein and carbohydui 
fibers 

SUMMARY 

The automatically recording apparatus d 
scribed has been found suitable for measuu 
the rate of enzymic digestion of absorbable suig 
cal sutures and other pi otem fibers 

Massachusetts Institute of Technology, Cambric^ 
Mass 


DREPANOCYTOSIS (SICKLEMIA) AND AN APPARENTLY ACUTE 
SURGICAL CONDITION OF THE ABDOMEN 

REPORT OF THEIR OCCURRENCE IN A WHITE IOUTH, WITH LAPAROTOin 

CHARLES B CANBY, M D , GURTH CARPENTER, MB, M R C P , and 

LEWIS F ELLMORE, MD 

LOS ANGELES 


In the classic case of sickle cell anemia de- 
sci ibed by Herrick 1 the patient suffered from 
attacks of abdominal pam, a feature now known 
to be characteristic of the syndrome In several 
1 ecorded instances such pain has been sufficiently 
severe that, togethei with physical findings, it 
lias led to lapatotom y However, this occur- 
rence is of some larity, and has not previously 
been reported in a Caucasian The case to be 
reported here is that of an American-born youth 
af pure Sicilian stock in whom an acute abdom- 
inal syndrome led to laparotomy with splenec- 
omy The history of the case merits recording 
n view of its import m the differential diagnosis 
it an acute surgical condition of the abdomen 

REPORT OF A CASE 

History — S M, a youth 19 years of age, was ad- 
mtted to the Los Angeles County General Hospital on 
lov IS, 1942 While driving from New York to Los 
Angeles the patient was wakened at 3 a m on Novem- 
>er 13 by severe pain in the left side of the abdomen, 
onstant and not radiating Soon after the onset of pam 
ome alkaline medication was vomited, and there had 
een some subsequent vomiting, though it was thought 
lat a portion of the fluids ingested was retained 
Respite the pam, it was thought best to drive to Los 
ngeles The patient was admitted to the Los Angeles 
ounty General Hospital approximately forty-eight 
ours after the onset of pain The bowels had not 
loved for three days Little gas had passed by rectum 
he patient complained of a tender swelling m the left 
de of the abdomen, with some relief on drawing up 
le left leg There had been slight dysuria, but no 
oted change in the urine There had been no chills and 
o known fever, nor had there been excessive sweating 
The patient had had “the usual diseases of childhood ” 
le was regarded as previously always healthy There 
id been occasional “rheumatism” in both legs, but 
3ver severe pain 

Postoperatively the history was amplified The patient 
A been pale all his life and at different times had 
iticed some yellowness of the eyes For the last few 
onths he had been aware of a mass on the left side, 
it apart from twinges of pam occasionally, it had not 


From the Departments of Medicine and of Surgery 
the University of Southern California School of 
edicme 

1 Herrick, J B Peculiar Elongated and Sickle 
laped Red Blood Corpuscles m a Case of Severe 
nemn, Arch Int Med 6 517, 1910 


troubled him, and he had accordingly thought nothing 
of it 

Physical Examination — The temperature was 100 6 F , 
the pulse rate 102 and the respiratory rate 30 The blood 
pressure was 1 IS systolic and 70 diastolic The appear- 
ance was that of a chronically ill, debilitated youth in 
acute abdominal distress The skin was pale and sallow 
but not jaundiced The scleras were not icteric The 
pupils reacted to light and in accommodation The teeth 
showed extensive caries, and the mouth was dry, with 
a furred tongue There was anterior cervical lymph- 
adenopathy, but no other nodes were enlarged The 
lungs were clear The apex beat of the heart was m 
the fifth intercostal space outside the midclavicular line 
Percussion revealed an enlarged heart, and there was 
a soft apical systolic murmur propagated to the axilla 
The aortic and pulmonic second sounds were of equal 
intensity 

The abdomen was scaphoid There was some guard- 
ing but no localized rigidity On the left side at the 
level of the umbilicus a mass measuring about 3 by 
5 cm was visible, it moved with respiration and on 
palpation was exquisitely tender Peristalsis was hypo- 
active There was tenderness in the left costovertebral 
angle Rectal examination revealed exquisite tenderness 
on the left side at the tip of the finger, which did not 
reach the mass 

The skin of the shins showed no scars Other find- 
ings were not abnormal 

There was no sugar or protein in the urine, an occa- 
sional pus cell was present Examination ot the blood 
on December 15 revealed 15,050 white blood cells, with 
a differential count of 85 per cent polymorphonuclears 
and 15 per cent lymphocytes An erythrocyte count was 
not made A roentgenogram taken on the same day 
showed the pulmonary fields essentially clear, the car- 
diac silhouette within normal limits and no evidence of 
subphrenic air In the abdomen there were several loops 
of gas-filled bowel, consistent with commencing ileus 
The peritoneal borders were indistinct, and there was 
a general haze over the abdomen suggestive of intra- 
peritoneal fluid 

The clinical impression was that the patient possibly 
had splenic torsion or volvulus of the small intestine 

Operation — In view of the slight fever, the leuko- 
cytosis, the duration of the symptoms without remission 
and the exquisite tenderness, it was decided that lapa- 
rotomy should be performed without delaj Accordinglj , 
with the patient under nitrous oxide-ether anesthesia, 
the abdomen was opened, and the mass was -visualized 
as a dark red splenic tumor corered with fibrin and 
showing also older fibrous adhesions to surrounding 
structures In view of the obr lously pathologic nature 
of the organ, its remoral was decided on The splenic 
artery was tortuous, but neither arterr nor rein rras 
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thrombosed The spleen was removed and the abdo- 
men closed without incident Transfusion of 500 cc of 
citrated blood w'as started immediately on completion 
of the operation 

The immediate postoperative diagnosis was multiple 
infarcts ot the spleen, cause unknown 
The patient was discharged from the hospital without 
further developments on November 29 
Laboratory Examination — Examination postopera- 
tivelv on December 17 revealed icterus index (after 
transfusion) 44 units, serum albumin 4 8 Gm and serum 
globulin 1 9 Gm per hundred cubic centimeters, and a 
prothrombin level 45 per cent of normal (normally post- 
operative levels may be reduced) The urinary reaction 
for urobilinogen was positive to Ehrlich’s reagent at a 
dilution of 1 40 A blood count showed 4,740,000 red 
blood corpuscles per cubic millimeter, hemoglobin 12 
Gm per hundred cubic centimeters, 23,540 white cells 
and 313,000 platelets per cubic millimeter and 9 per cent 
reticulocvtes The differential count revealed polymor- 
phonuclears 86 5 per cent, lymphocytes 4 5 per cent, 
monocytes 8 per cent, eosinophils 0 5 per cent, basophils 
0 5 per cent and nucleated red cells 5 per hundred 
white cells The bleeding time was one minute and the 
coagulation tune twenty-five minutes by the oiled test 
tube method (within normal limits) 

On a moist smear 100 per cent cells sickled in twelve 
hours 

Pathologic Examination of the Spleen — The spleen 
weighed 830 Gm Old fibrous tissue and fresh fibrin 
covered its capsule The organ was firm and deep red 
The cut surface showed scattered areas of irregular 
iiithne that were more brownish red than the rest of 
the pulp 

Microscopic examination showed the sinusoids dis- 
tended with cells which were all sickle forms There 
were aieas of acute necrosis of splenic tissue which 
might contain at their center an arteriole plugged with 
sickle lorm red cells There were other areas of older 
necrosis with commencing resorption and siderosis, and 
still other extensive areas of acute hemorrhagic necrosis 
ramilv Study — The father and mother of the patient 
were not related and were of unadulterated Sicilian 
stock The blood of four sisters two brothers, the 
mother and the father did not displav am tendenev to 
sickle in tvventv-four hours 

COMMENT 

1 his case is of interest in two respects Fust 
it adds 1 more to the still short list of pub- 
lished cases of drepanocy tosis in the non-Negro 
Secondly , it is the first recorded instance in 
yvlnch laparotomy has been performed on a 
Caucasian on account ot an acute abdominal 
svmbomt in this disease 

'1 lie cases ot drepanocytic anemia hitherto 
reported in the non-Negro fall into tyvo groups 
first, the group m which it is reasonably certain 
that no recent inheritance ot Negro genetic char- 
acteristics had been incurred (Coolev and Lee, 2 3 
a Greek child , Rosenfcld and Pincus 3 an Italian 

2 Coolev T B and Lee, P Sickle Cell Anemia 
in a Grwk Tamilv Am T Die Child 38 103-106 
(TulO 192Q 

3 Ro-entcld, S , and Pincus J B Occurrence of 

SkI P avia in White Race, Am l M Sc 184 674-682, 

joy’ 


child, Sights and Simon, 4 * a white Amo 
adult, Haden and Evans," 2 Sicilian si! 
Weiner, 0 an Italian child, Pontoni, 7 a Sicih 
Gieenvvald and Burnet, 8 5 members of a Sic 
family , Clarke, Sn 2 Italian siblings , Cook 
Mack, 8b 2 white American siblings), and, 
second, the gioup in which the patients < 
fiom aieas wheie racial admixtures are at 
tedly common or the fact of sickling was 
reasonably certain from the record (Ai 
bald 0 , Castana 10 , Law rence 11 , Stew ,u i 
Wallace and Kilhngsworth 13 ) It is nci 

that a great proportion of the recorded r> 
rences of this disease in Caucasians have 1 
in persons of Sicilian stock, and it is iem 
that, in the United States at least, a high j 
portion of instances of the familial hypocluo 
anemia which goes by the name of Cooli 
erythroblastosis is also seen in Sicilian fan ’ 
Previous instances of laparotomy on pci. 
with sicklemia have also been lecorded by Lev 
and by Campbell 15 (3 instances) In Lev 
case a Negro girl displayed rigidity of the n 
rectus muscle, leukocytosis and fever, with 
gastric pain and vomiting Appendectomy 
performed Diagnosis of sicklemia was < < 
one year later when she returned with recta i 


4 Sights, W P, and Simon, S D Marked Eiy 
rocytic Sickling m White Adult Associated 
Anemia, Syphilis and Malaria Report of Case, J M 
12 177-178, 1931 

5 Haden, R L , and Evans, F D Sickle c 
Anemia in White Race, Arch Int Med 60 133- 
(July) 1937 

6 Weiner, S B Sickle Cell Anemia m Ital 
Child, J Mt Sinai Hosp 4 88-91, 1937 

7 Pontoni, L Sulla entropatia drepanocitica cc 
tuzionale tipo Herrick, Haematologica 20 657-724, 1° 

8 Greenvvald, L , and Burnet, J B Sickle < 
Anemia in White Tamily, Am J M Sc 199 768-/ 
1940 

8a Clarke, F Sickle Cell Anemia in White t 
with Report of Two Cases, Nebraska M J 18 A 
379, 1933 

8b Cook J V , md Mack, J K Sickle • 
Anemia in White American Family, J Pednt 5 h 
607, 1934 

9 Archibald, R G Sickle Cell Anemia in 
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1926 
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Pediatria 33 431-440, 1925 
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J Clin Investigation 5 31-49, 1927 
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(July) 1927 

13 Wallace, S A, and Kilhngsworth, W P S' 
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abdominal pain Campbell’s excellent paper dis- 
cusses 6 cases of acute abdominal pain, m 3 of 
which the patients were operated on under con- 
ditions of considerable interest All weie young 
Negroes The first exhibited the clinical pictuie 
of ileus, and lapaiotomy with appendectomy was 
peiformed, the diagnosis of sicklemia was made 
two days after operation His second patient, 
a Negro youngstei known to have sickle cell 
anemia, was admitted to the hospital with severe 
abdominal ciamps, constipation leukocytosis and 
fevei Vomiting commenced, and laparotomy 
was deemed wise A noimal appendix was then 
removed, and the pam subsided on the third day 
after opeiation The third patient who undei - 
went operation was a 36 year old man with 
a precedent histoiy of three attacks of acute 
abdominal pam, the fiist of which had been 
tieated with ice packs, the second by lapaiotomy 
and appendectomy and the third by exploratory 
laparotomy On the occasion of the fourth 
attack he presented the picture of marked abdom- 
inal boarding with leukocytosis, and another 
laparotomy was undertaken under the impression 
that pentomtis from a perforated ulcer might be 
piesent The abdominal contents were normal 
except that the spleen was enlarged, and because 
of this fact the diagnosis of sickle cell anemia 
v as immediately made fiom fresh smears 
It is thus apparent fiom these and othei re- 
ported cases that the abdominal syndrome in 
drepanocytosis may closelv simulate a numbei of 
patterns of acute abdominal disease Ileus, per- 
forated ulcer, appendicitis, acute cholecystitis and 
pelvic inflammatory disease appear to be most 
commonly simulated Splenic pam, presumably 
due to small infarcts in that organ during the 
stage of enlargement, is also common, but it 
does not often leach the seventy noted in the 
case we leport It is further appaient from our 
and from other cases that at the height of the 
painful episode there may be no anemia, no 
icterus and no frank sickling of fresh blood 
Leukocytosis, however, appeals to be common, 
an d it is probable that reticulocvtosis would be 


found to be uniformly piesent if suitable exami- 
nation were made In this respect, it should be 
lemembered that the technic of Hansen-Preuss 
in which an oil-sealed fresh moist preparation is 
set up on a cresyl blue slide, will bring out 
sickling in about four hours in cases of the sickle 
cell trait, and will also demonstiate i eticulocytes 
Such a pieparation should be set up immediately 
when obscure acute abdominal syndromes are 
encountered in Negroes and in Meditei i anean 
Caucasians 

It is also noteworthy that opeiations foi osteo- 
myelitis have been undei taken because of pain 
in the bones m cases of sickle cell anemia (Drey- 
foos 1S , Alden 17 , Leivy and Schnabel 1S ) 

We are not heie concerned with the 10 le- 
coided cases of drepanocytic anemia (see Haden 
and Ewans 5 ) in which splenectomy was delib- 
erately undei taken as an experimental thera- 
peutic measure It is known that this opeiation 
neither cures the anemia nor pi events the hemo- 
lytic attacks, but authors (Haden and Evans 5 , 
Landon and Patterson 19 ) have felt that the 
symptomatic improvement in the anemia and m 
the frequency of hemolytic oi painful episodes 
justified this undertaking in cases m which there 
was great splenomegaly Ultimately by repeated 
mfai cts the patients may be said to splenectonnze 
themselves 

SUMMARY 

The case repoited and discussed is the first 
lecoided instance in which laparotomy has been 
performed on a Caucasian on account of acute 
abdominal pam caused by the sickle cell trait 

16 Drejfoos M Sickle Cell Anemia, Arch Pediat 
43 436-447, 1926 

17 Alden H S Sickle Cell Anemia Report of Two 
Cases from Ohio Illustrating Its Hemolytic Nature, 
Am J M Sc 173 16S-175, 1927 

18 Leivy, F E , and Schnabel, T G Abdominal 
Crises in Sickle Cell Anemia, Am J M Sc 183 381- 
391, 1932 

19 Landon, F E , and Patterson, H A Evaluation 
of Splenectomj in Treatment of Sickle Cell Anemia 
Late Results of Two Cases so Treated with Sutnmarj 
of Present Condition of All Splenectomized Patients, 
J Pediat 7 472-477, 1935 
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Hemangiomas aie frequently obseived in vari- 
ous tissues and locations m the bod}’ Howevei, 
a review of the literature revealed but 1 case in 
which the tumor was located in the mediastinum 1 
This w as a malignant hemangioendothelioma 
occurring in a man The tumor was remcn ed but 
the patient died two months after the operation 
A postmortem examination revealed some of 


CASE REPORT 

Histoiy — R B, a white man 34 years of a 
entered the Frank Billings Medical Clinic ' « 
of an unusual opacity in the left pulmonary field ■ 
on routine roentgen examination at another hc.,|. 
The patient had ‘caught cold” two months befr 
admission and a productive cough had developed ' 
persisted for about three weeks Because the cold - 
cough persisted for some time, he went to a pub 



Tig 1 — Preoperatnc roentgenograms of the chest showing tumor extending outward from the anterior med. 
astinum Note circular apaque shadow (calcified phlebolith) in line with the left second rib anteriorly Iodizei 
oil is seen in the left lower pulmonarv field 


the primary growth as well as secondary metas- 
tases to the lungs 

A monograph on tumors of the mediastinum 
by Heuer and Andrus 2 as w ell as textbooks 
on thoracic surgery hate not mentioned heman- 
giomas in this location The following case is 
reported because of the unusual site and size of 
the tumor and because of the interesting post- 
operatne course 

From the Departments oi Surgery and Medicine of 
the University oi Chicago 

1 \\ mkelbauer \ Zur Tragc dcr elururgischen 
Behandlung der Mittlefellgeschw iilstc, Wien kirn 
\\ chnschr 42 630, 1929 

2 Heuer, G J , and \ndrus, W D The Surgcrv 
oi Mediastinal Tumors, \m J Sure 50 143 1940 


health clinic for a check-up Nothing unusual W" 
observed on physical examination at that time, how 
ever, a roentgenogram of the chest revealed an unus 1 * 
opacity in the left pulmonary field On entering the <*1 > 
two montlis later, the patient’s cold had cleared up er 
tirelv, and he appeared to have recov ered completely Hi 
past history revealed that at the age of 18 months he 
had had a tumor removed from the base of the neck, 
on the left side Again, at the age of 10 years some 
tiling was removed from the same region The family 
history was irrelevant 

Examination — Phvsical examination revealed a well 
developed man who appeared to be in good health The 
chief findings were as follows At the base of the nee 
on the left side, an irrcgularlv shaped rather firm bat 
frcclv movable nontender mass was palpable Th'* 
blood pressure was 130 systolic and 84 diastolic There 
was no cardiac enlargement, and the heart tones v ere 
ncrnul \n examination of the chest revealed no 
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asymmetry, howevei, theie was greater expansion on 
the right side Tactile and vocal fremitus were almost 
completely absent over the upper two thirds of the left 
lung anteriorly and posteriorly Breath sounds were 
diminished or absent m the same region Percussion 
over this portion of the chest showed dulness to flat- 
ness No rales were audible 
Laboratory examinations showed the blood and urine 
to be normal A fluoroscopic examination revealed an 



Fig 2 — Tumor after sectioning Note trabecular 
arrangement of connective tissue around cavernous blood 
channels A large phlebohth is seen at A 


opacity in the upper two thirds of the chest, which did 
not move with the lung on respiration A roentgeno- 
giam added little to the fluoroscopic observations with 
the exception of several rounded shadows scattered 
through the opaque region, these were somewhat more 
dense at the periphery (fig 1) The diagnosis was 
tumor of the mediastinum of undetermined origin The 
nodules within the opaque area were suggestive of 
hemangioma A biopsy of the tumor in the neck showed 
it to be a hemangioma presenting a dense fibrous 
stroma separating \ascular spaces vaiymg in size from 
that of capillaries to large cavernous sinusoids All of 
these spaces were lined with endothelium and some 
were filled with erythrocytes 
In a lew of the apparent relation of the mtrathoracic 
mass to the supraclavicular tumor on the left side of 
the neck, a hemangioma of the mediastinum was 
stionglj considered as the correct diagnosis Under 
fluoroscopic control, 20 cc of iodized oil was introduced 
into the tracheobronchial tree bj the aspiration technic 
B\ positioning the patient, the left bronchial tree could 
be outlined and was found to be displaced posteriori' 
b\ a tumor occupying the anterior half of the upper 
two thirds of the diest A diagnostic pneumothorax 
showed the left pleural cantv to be almost entirelj free 
of adhesions with the exception of a few r located be- 
tw cen the tumor and the diaphragm The \ ital capacity 


was 3,050 cc In new of the uncertainty of the 
diagnosis and the large size of the tumor, it w f as thought 
advisable to explore the thoracic cavity 

Opeiatton — On Nov 2, 1939, with the patient under 
ethylene anesthesia, an exploration was made through 
a curved incision encircling the lower one half of the 
left breast, the left pleural cavity being opened through 
the fourth left inner space It was necessary to divide 
the third and fourth costal cartilages near the sternum, 
the opening being enlarged with a nb spreader A 
fairly soft, oblong tumor extended from the first to 
the seventh ribs anteriorly and from the mediastinum 
to a point beyond the nipple line It was partly 
attached by fairly dense adhesions to the W’all of the 
chest anteriorly and to the lung posteriorly With 
relatively little difficulty the tumor was mobilized from 
the surrounding structures up to the mediastinal attach- 
ment Separation at the mediastinum could not be 
tarried out by blunt dissection, thus the tumor was 
divided between clamps and sutures The pedicle of 
the tumor was broad, measuring about 3 inches (7 cm ) 
in its vertical dimension, and to 2 inches (4 to 5 cm ) 
anteroposteriorly It was necessary to leave a small 
portion of the tumor superiorly, behind the left clavicle 
A piece of pericardium measuring 2 by 2 cm , to which 
it was densely adherent, was removed with the tumor 
Closure of the wound in layers was made with chromic 
catgut sutures 



Fig 3 — Roentgen appearance of chest four months 
after removal of tumor The left side of the diaphragm 
is still elevated and some iodized oil remains in the 
lower lobe of the left lung 

A small mushroom-tipped catheter was brought out 
through a stab wound m the fifth intercostal space 
anterolaterallv for obliteration of the surgical pneumo- 
thorax and for drainage of fluid bj constant suction 
As the tumor w ; as removed, intravenous introduction of 
a saline solution w as begun and vv as lollow ed bv a 
transfusion of 600 cc of citratcd blood 
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PoslopLi atn t Course — The patient was returned to 
his room in a satisfactory condition However, because 
he had lost considerable blood during the operation 
and because his blood pressure was somewhat lower 
than normal a second transfusion of 700 cc of blood 
was gnen During the following dav, his condition 
continued fairh good with the exception of a rapid 
and moie or less unstable pulse, the rate being between 


talization be intravenous, subcut liieous and oral rout 
was carried out, and nasal administration of Cvyg 
was begun at the rate of 12 liters per minute Witl 
the next three hours, the patient showed signs c 
improvement, and be the following morning the puls 
rate evas about 120 to ISO, the pulse deficit t 
around 30 The temperature during this time rang* 1 
beteeeen 99 and 106 F , being around 101 to 103 me 



Fig 4 — Teeo magnihe itions oi microscopic sections of tumor Note numerous large blood spaces distributed 
throughout the connectiee tissue framework A phlcbohth and bone containing marroee arc seen m the higher 
magnification 


130 and 160 per minute 'I here was little drainage 
trom the pleural cavitv On the morning oi the third 
pO'topcratne da\, he suddenh became pale and per- 
spired profu'elv, and an extreme!* rapid, threads pulse 
developed The apex beat obtained with a stethoscope 
\ as 300 pe- minute Caffeine and srdium benzoate wa' 
given bit effected little improvement Rapid digi- 


u! the time examinations oi the blood revealed 90 to 
100 per cent hemoglobin and 5 06 million red cells 
The respiratory rate varied ironi 18 to 28 I itd e 
fluid was drained from the pleural cavity The urinary 
output was as follows 750 cc tor the day of operation, 
500 cc lor the second dav , 875 cc lor the third day 
and 1 320 cc lor the lourth dav During t!n c entire 
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three day period, the patient had few complaints except 
some “tightness” across the sternum and some epi- 
gastric pain localized o\er the xiphoid process During 
the next two days theie continued to be some pulse 
deficit, which had almost completely disappeared by the 
end of the fifth postopeiative day The patient’s 
temperature gradually returned to normal, ranging 
between 100 and 102 F for two dajs and below 100 
thereaftei The pulse late gradually fell to 110 and 
lemained at that lei el or below thereafter An electro- 
cardiogram taken on the morning of the sudden col- 
lapse (third postoperative day) levealed an auricular 
flutter with irregular ventricular lesponse A second 
electrocardiogram made four days later revealed a sinus 
tachycardia and some abnormalities due to the admin- 
istration of digitalis When repeated three weeks later, 
there was little evidence of abnormality The patient 
gradually improved, but a low grade infection developed 
m the inner one half of the wound, winch necessitated 
drainage After several minor operations for the 
removal of small pieces of infected cartilage, the wound 
healed and the patient was discharged from the hos- 
pital six and one-half weeks after the operation At 
the time this paper is written, four years after the 
operation, the cardiac condition appears to be entirely 
normal 

Shortty aftei the operation it was noticed that the 
patient’s voice was somewhat husky Examination of 
the vocal cords revealed paraljsis on the left side His 
voice continued to improve, but recent examination 


revealed paialjsis and some atiophv of the lelt vocal 
cord 

Pathologic Examination — The tumor lemoved at the 
operation weighed 527 Gm and measured 18 bj 10 bv 
5 cm The surface was covered bv a somewhat glossv, 
smooth, soft and thin capsule, through which could be 
seen manj dilated vessels The Ireshlj cut surtace 
appeared to be cavernous , it was made up of innumer- 
able finely interlaced fibrous trabeculae, and from the 
spaces between them dark-colored blood could be 
expressed Many of these sinuses were filled with what 
appeared to be daik blood clots, and on palpation 
several hard spherical nodules were demonstrable 
Further sectioning of the tissue revealed that two of 
the larger nodules or calculi measured about S mm 
in diameter One was light colored, stonv liaid and 
pedunculated The second was daik brown and 
extremelj fi lable and was well encapsulated in the 
tumor mass Several smaller calculi were found 
(figs 2 and 4) 

A microscopic examination revealed pink-staining 
fibrous tissue with blue-staining fibroblasts, in which 
were many foci of lymphocytes Distributed through- 
out the tissue were manv endothelium-lined blood-filled 
sinuses and man} normal-appearing blood vessels In 
some places, irregularly distributed, were areas of 
aerolar-like tissue infiltrated with lvmphocytes Bone, 
containing marrow, was seen m two areas (fig 4 B) 
There was no evidence of malignancy The final 
diagnosis was hemangioma of the mediastinum 
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In advocating a local treatment for burns, it is impoitant to take into con- 
sideration the way in which the body attempts to seal off the burned areas This is 
done by the transudation of a fluid containing plasma protein, and with the evapo- 
ration of the water present in this fluid, the protein is left as a protective covering 
Petit, 1 in 1915, was one of the first to follow this line of reasoning and suggested 
the use of horse serum in the treatment of burns and wounds, again, in 1929, 
Monteith and Clock 2 described 5 cases of burns treated by this method Shortell, 
Cotting and Leary, 3 m 1917, first described the use of bovine serum for this purpose 
Aside from these few reports there has been little investigation with this approach 
in mind until recently 

Due to the war it is now essential that we have an agent for treatment for 
burns that is, m itself, sterile, flexible, easily transported and inexpensive and 
that can be used by untrained personnel At -the same time it must be adapted 
to the treatment of superficial as well as deep burns It must be suitable for use 
at the first aid dressing stations, in the field and on shipboard, as well as in hos- 
pitals When the war began it became apparent that no method in use at that 
time satisfied all of these requirements 

A great number of agents for local treatment of burns have been advocated, 
the majority of which have been a means of converting an open wound into a 
closed wound at the earliest possible moment Some of the most widely accepted 
of these are know n as the coagulants , the damage which these agents produce m 
the denuded area has been pointed out by Allen and Koch 4 W ells, Humphrey and 
Coll 5 have recently reported central necrosis of the liver due to the toxic action of 
tannic acid, one of the most popular of these coagulating agents In the plastic 
surgery service of the Union Memorial Hospital, both Dr J S Davis 0 and Dr 
E A Kitlowski " have been impressed by the amount of damage caused by these 
coagulating agents, and feel that m many instances a superficial burn is converted 

From the Department of Surgery, Union Memorial Hospital, and the Bacteriological 
Research Laboratory of Hynson Westcott and Dunning, Baltimore 

A resume of this work was presented before the Burn Committee of the National 
Research Council, Sept 14, 1942 and 'kpril 3, 1943 and also before the American Society 
of Plastic and Reconstructive Surgery, Dec 4, 1942 

1 Petit R Les phagocytes en chirurgie, Pans, Masson & Cic , 1915 

2 Monteith, S R, and Clock, R O Treatment of Burns with Normal Horse Serum, 
JAMA 92 1173 (April 6) 1929 

3 Shortell, J H , Cotting, W E, and Leary, T The Treatment of Wound with 
Normal (Beef) Serum, Boston M 5. S J 177 622, 1917 

4 Allen H S, and Koch S L Treatment of Patients with Severe Burns, Surg , 
Gynec &. Obst 74 914, 1942 

5 Yells, D B , Humphrev H D, and Coll, J J Relation of Tannic *\cid to Liver 
Necrosis Occurring in Burns New England J Med 22G 629, 1942 

6 Davis T S Personal communication to the authors 

7 Kitlowski, E \ Personal communication to the authors 
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into a deep burn with occasional destruction of the full thickness of the skin 
On the other hand, the value of the early eschar treatment of burns is well recog- 
nized and has been proved experimentally by Glover, 8 who has shown that the 
early precipitation of protein at the site of the burn in the form of an eschar 
greatly minimizes the protein shift and the resultant hemoconcentration Super- 
ficial burns are minor wounds liberally dotted with islands of epithelium ready to 
regenerate and cover the denuded areas, unless destroyed by the local treatment or 
infection There is no doubt that the burned area requires protection, first to 
prevent loss of fluid and second to prevent the entrance of p\ ogemc bacteria Yet 
all of this must not be accomplished at the expense of these living islands of 
epithelium 

Curtis and Worthington, 9 in 1941, reported the use of human placental plasma 
m wound therapy From there this investigation proceeded to the use of adult 
and fetal bovine serum in a series of 40 cases of burns During the time we used 
the serum, it was tried in three forms (a) as a dusting powder, ( b ) as an oint- 
ment, m a water-soluble base, containing 40 per cent serum and 5 per cent sodium 
sulfathiazole , ( c ) as a dried serum, diluted to a protein concentration of 30 per cent 
(about four times normal) with sterile, distilled water, and sprayed with an 
atomizer The object of all three forms was to produce a covering that was 
bacteriostatic without affecting the tissue proteins themselves After observing 
the results obtained with the use of human and bovine serums and the results in 
some of the early cases with preparations in which the serum proteins were replaced 
by other materials containing essentially the same ammo acids, we came to the 
conclusion that there was no advantage m using serums for this treatment of burns 
rather than preparations containing protein from other sources The difficulties 
in the preparation of the serum, together with the long drying time when it was 
applied to the burned surface, caused us to turn to a substitute protein with a short 
drying time 

Early investigations led us to believe that the ideal type of therapj would con- 
sist of a readily available and cheap protein which would closely resemble human 
plasma protein, or its basic amino acids, to which the human body would show' no 
signs of initial sensitivity and which would not be toxic to tissue cells This protein 
should be in a solution which could be applied to the burned area, and which wmuld 
dry rapidly, covering the denuded surface with a protective film of protein In this 
way a film would be formed over the denuded surface and would not require the 
burned patient to furnish an eschar either m the form of exuded plasma or coagu- 
lated cellular protein After an exhaustive study of the proteins available the most 
satisfactory preparation was found to be one made from casein This is a phospho- 
protem precipitated from milk by dilute acids and is a readily obtainable and an 
inexpensive by-product of nnlk 

The most satisfactory casein preparation which forms its own film lias the 


following composition 

Casein 30 Gm 

Sodium laur\l sulfate 4 Gm 

SO So sodium lactate 10 cc 

Sodium hv droxidc 0 7 Gm 

Water 140 cc 


S Glover, DM A Critical Evaluation of the Treatment of Burns, Ann Surg 113 
1090, 1941 

9 Curtis, R M, and Worthington, R W, Jr Placental Blood Plasma, Am J Obst 
& Gvnec 42 428, 1941 
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These ingredients are mixed, dissolved and sterilized by autoclaving In this 
process, the casern is converted into sodium caseinate and also undergoes some 
hydrolysis The final product is a clear, light brown or amber liquid which is 
sufficiently fluid for application as described hereinafter The solution after sterili- 
zation has a p H of approximately 8 and is stable at ordinary temperatures when 
kept in a tightly closed container When the first casein preparations were made 
and used clinically, the need foi a plasticizing agent became apparent Preparations 
containing glycerin, ethylene and propylene glycol, monoethanolamme and tri- 
ethanolamine were tried clinically, but none was found to be satisfactory Sodium 
lactate was found to offei none of the objections of the previously mentioned 
plasticizers It is a nontoxic compound and when added to the casein allows one 
to prepare a solution which dries as a pliable film, not readily cracking or scaling 
off the burned area 

In the earlier cases we used a preparation which did not contain sodium lauryl 
sulfate, but did contain 3 Gm of sulfathiazole and 25 cc of ethyl alcohol in each 
hundred cubic centimeters of the solution This preparation was discarded when 
it was found that better results were obtained when a plastic film and the solution 
containing sodium lauryl sulfate was used 

To demonstrate that the casein solution is nontoxic to tissue cells in vivo, the 
following tests were carried out A donor site from which a skin giaft 0 012 inch in 
thickness had been removed, by means of the Padgett dermatome, was divided into 
two equal parts One part was covered with petrolatum gauze, the other with the 
casein solution, plus the commercially available film described later in this paper 
No difference was observed in the length of time necessary for epithelization or in 
the appearance of the epithelium covering the two areas Cannon and Cope 14 have 
proved the value of this standard technic m clinically judging the effect of various 
substances on the healing of an epithelial wound Further small deep grafts were 
buried in the casein solution and kept at 5 C for twenty-four hours They were 
then removed, washed with isotonic solution of sodium chloride and placed on clean 
granulating areas simultaneously with fresh grafts taken from the patient No 
difference was noted in the number of takes or the growth rate in the two instances 

Early in our investigation it became apparent that it would be impossible 
to develop a protein solution which would dry rapidly on the weeping surface of 
superficial burns To overcome this, we clinically experimented with various 
transparent, commercially prepared coverings, and many of them are usable Wc 
found that one prepared from casein itself was satisfactory , however, it was neces- 
sary to renew the film every four to five days when it was used on a badly weeping 
surface We also used a film prepared from viscose and found this to be much 
more satisfactory than the casein film, particularly since it did not necessitate 
renew al However, the one which has proved the most satisfactory is prepared from 
polyvinyl chloride It is durable, transparent, very soft and flexible and is not 
permeable to oil or water It can be used w’here there is apt to be motion, as over 
joints The patient finds the burned areas so comfortable with this dressing in 
place that he can he on the burn or w r alk about The latter two films are easily 
sterilized by autoclaving Pickrell 15 and Andrus, Nickel and Schmelkes 10 have 
recenth reported the use of films of methyl cellulose in burn therapy 

10 Footnotes 10 to 13 were deleted b> the authors 

14 Cannon, B , and Cope, O Rite of Epithelial Regeneration, Ann Surg 117 85, 1943 

15 Pickrell, K L \ Sulionatn’de Tilm for Use as a Surgical Dressing Prtliminarj 
Report, Bull Johns Hopkins Hosp 71 304, 1942 

16 Andrus \V DeW Nickel, \\ T, and Schmelkes, F C Treatment ot Burns with 
Chemotherapeutic Membnnes \rch ^urg 4G 1 (Jan) 1943 




Explanations of Figures 

1 ig 1 — Photograph of burn on patient's admission to the hospital 
Fig 2 — Burn debrided, coaered with casein solution, film and pressure dressing 
Fig 3 — Forty-eight hours after the patient’s admission the dressing has been removed to 
show the appearance of the burn beneath the film There is a central area of deep burn 
surrounded bv a zone of more superficial burn 

Tig 4 — Fiftv dajs after admission there is complete separation of the dead skin with 
areas of intact corium 

Fig 5 — Sixtj-fiae dajs after admission there are islands of epithelium scattered o\er the 
surface of the burn originating from the intact portions of corium 

Fig 6 — One hundred and taaenta -eight dajs after the burn the area is completeh healed 
There is \er\ little scar tissue 
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METHOD OF TREATMENT 

With a sterile technic, any loose, necrotic skin is removed The casein solution is applied to 
the superficial as well as to the more deeply burned areas with a sterile wooden spatula 
Over this solution is then placed the film and several thicknesses of sterile gauze On 
suitable large areas, an Ace bandage is applied to exert pressure to the injured area When 
the burns are on the face and a rapidly drying film is not necessary, the solution may be 
used alone In all erythematous areas it may be used alone because here it dries rapidly 
In the deeper burns it is advisable to use the combination of the solution plus a film 

The Ace bandage is used as a means of applying a pressure dressing to the damaged 
area, for our experience here has shown the value of this type of dressing, particularly when 
there is injury to tissues as in the case of severe burns Blair 17 has shown that a dressing 
with moderate pressure applied over damaged tissue helps prevent the congestion and main- 
tains the circulation in the subcutaneous tissue Siler and Reid 18 experimentally have shown 
that the loss of plasma at the site of, and into the surrounding tissues of, burned areas can 
be reduced by primary pressure dressing 

RESULTS OF TREATMENT 

To date 165 cases of burns and 75 cases of wounds have been treated in the 
manner described, 43 of the cases of burns being severe enough to necessitate 
hospitalization One case is illustrated and described in detail 


Cltmcal Course o j Patient 




Rectal 


Hemato 





Tempera 

Pulse 

crit, 


Urinary 

Date 

Hour 

ture F 

Rate 

per Cent 

Fluid Intake 

Output 

12/28 

12 50 p m 

100 

100 

50 

1 500 cc plasma intravenously 



8 00 p m 

100 

120 

DO 

500 cc plasma intravenously 

1 000 cc 5% dextrose in dis 
tilled water intravenously 


12/29 

12 00 a m 

100 

120 

50 




8 00a hi 

100 4 

120 

o7 

750 cc plasma, 1 000 cc 5% 
dextrose in distilled water 

600 cc 






intravenously 670 cc orally 


12/30 

8 00 n in 

103 

130 

45 

2 100 cc 5% dextrose in dis 

1 2o0 cc 






tilled water intravenously 

1 800 cc orally 


12/31 

S 00 a m 

101 

120 


9jU cc 5% dextrose in distilled 
water intravenously 2 105 cc 
orally 

2 100 ec 


REPORT OF A CASE 

H S , a white woman, aged 34, was admitted to the Union Memorial Hospital on Dec 
28, 1942, three hours after setting fire to her hair First aid consisted of sterile dressings 
to the burned areas prior to admission and morphine, J4 gram (0 015 Gm ), hypodermicalh 
on admission The blood pressure was 148 systolic and 90 diastolic, the pulse rate 100 
Examination revealed burns of the entire head, the back of the neck to the shoulders and 
the face, which appeared to involve the full thickness of the skin, except those around the 
eyes and nose, which appeared to be superficial There was a burned area consisting of two 
thirds of the left thigh involving the full thickness of the skin and similarly one of 6 cm 
in diameter on the right thigh The total area involved as estimated by the Berkow scale 
was 20 per cent of the body, with 15 per cent of this being deep burns The patient was 
placed on sterile sheets and the technic already described was used on all areas except the 
scalp and eyelids Because some hair remained on the scalp onlj sterile gauze and an Ace 
bandage was applied there, and due to the great edema of the ejelids sterile boric acid com- 
presses were used The clinical course with reference to the hematocrit and fluid given 
intravenously during the first four davs is shown m the table On December 29, the general 

17 Blair, V P Influence of Mechanical Pressure on Wound Healing, Illinois M J 
4G 249, 1924 

18 Siler, N E, and Reid, M R Clinical and Experimental Studies with the Koch 
Method of Treatment of Heat Burns Ann Surg 115 1106, 1942 
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condition was improved except for difficulty m breathing due to edema of the larjnx and 
trachea Tins was relieved by inhalations of compound tincture of benzoin Administration 
of sulfadiazine was started and a blood level of 3 8 mg per hundred cubic centimeters was 
maintained for eleven days On January 3 and 10 the casein film and the solution on the 
burn on the left tlugh were renewed On January 14, Dr Kitlovvshi, under ether anesthesia, 
removed the dressing and the film from the face, neck and shoulders and debrided these areas 
and applied Ollier-Thiersch grafts On February 17, more Ollier-Thiersch grafts were 
applied to several areas on the neck and face Inspection of the area on the thigh after 
the first two weeks revealed that m some parts the full thickness of the shm was not 
destroyed, and the progress of this area is illustrated The patient’s convalescence was 
uneventful, with the temperature ranging from 98 6 to 100 F 

This case clearly points out the importance of the local use of an agent which 
is nontoxic to tissue cells In figure 5 one can see the islands of epithelium begin- 
ning to appear m areas where the full thickness of the skin was thought to have 
been destroyed These areas, which appear like small grafts, have developed from 
a part of the corium which was not destroyed by the burn They would undoubt- 
edly have been destroyed by the toxic agents which are often applied to the 
burned surface 

The results obtained in burns with this treatment for ambulatoiy, as well as 
hospitalized, patients has been most gratifying In only 2 cases of bums was there 
evidence of infection beneath the film when the patient received immediate treat- 
ment In 1 patient treated twelve hours after being burned, some infection 
developed on the fourteenth day, when an area of tissue, whose depth of destruc- 
tion extended to the subcutaneous fat, began to separate The treatment was 
used in 2 other cases in which the patient was admitted to the hospital grossly 
infected seventy-two hours after being burned, treatment at home having con- 
sisted of the application of lard In the latter 2 cases the solution was applied 
after thorough cleaning of the area In three days, when we saw evidence of 
infection beneath the clear covering, these areas were compressed for several hours 
and the casein film was easily removed and the solution reapplied Many of the 
bums were chemical burns produced by fluorides These areas heal rapidly under 
this treatment In several of the patients the bums extended over the face and 
even into the hair or onto the fingers, and this therapy was found to be of equal 
value here The casein solution when dry forms a film which is very flexible 
and does not contract These two features make it valuable in the treatment 
of burns in all parts of the body, even the face, hands and joints, where there 
is apt to be some motion After application of the solution, the pain produced 
by the burn is relieved In erythematous areas, the patient has the sensation of 
a very cold application, and this sense of coolness persists even when the film is 
dry As the solution is spread over denuded areas there is some stinging but this 
rapidly disappears When the solution dries, it remains transparent, allowing one 
to detect immediately an) evidence of infection beneath it The fact that it is 
water soluble makes for great ease in its removal Important, too, is the fact 
that it remains adherent to the denuded surface until complete epithehzation has 
taken place \\ here the solution together with the plastic film of polyvinyl chloride 
known as Vin)hte was used we found that the dead tissue, even where full thick- 
ness of the skin was destroyed, separated from the underljmg normal tissue between 
the sixteenth and twentieth da) after the burn The dead tissue appeared to be 
completelv digested probablv due to the action of the eii 7 )mes present in the 
exudate which collected beneath the film This allows one to use a skin graft 
earl) before scar tissue has formed 

In several cases of severe burns in which the patients were admitted to tin 5 
hospital sulfadiazine was given orallv and adequate concentrations m the blood 
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thus maintained We find that the proper way to admmistei the sulfonamide 
compounds when adequate concentration in the blood is desired is by controlled 
dosage given orally, or parenterally, with frequent detei munitions of their concen- 
tration m the blood 

In this series there weie five deaths from burns All patients had approxi- 
mately 60 per cent or more of the body surface involved, most of which was 
deeply burned The first, a woman aged 71, died front shock eighteen hours 
after admission The second, a woman aged 59, who had also inhaled some of 
the fumes from the blaze, died from respiratory failure six days after admission 
The postmortem examination in the latter case revealed bilateral partial pul- 
monary atelectasis and pleural effusion and moderate edema of the tracheal mucosa 
The third patient, a man aged 38, w-lio jumped five stories from a burning build- 
ing, died twelve hours after admission, with a temperature of 107 The primary 
cause of death was injury' to the head The fourth patient, a child aged 6 with 
SO per cent of the body burned, the destruction extending through the full thick- 
ness of the skm, died three hours after admission from shock The fifth, a woman 
w ith 60 per cent of the body surface involved bv a burn extending through the full 
thickness of the skin, died from toxemia on the eleventh day after admission 

In this group of cases of burns w'e found that the combination of the casein 
solution and an already' prepared film allows one to treat with ease the superficial 
as well as the deep burns This bacteriostatic solution through its adhesive proper- 
ties holds the film m place over the burn whether it is an erythema, a denuded 
surface or a total destruction of the skm It also makes the film adherent to the 
normal skin about the burn, and in this manner the entrance of bacteria at the 
edge of the film is prevented We feel that this offers a simple method for treat- 
.ng the burned patient, whether he is ambulatory or hospitalized It eliminates 
the tremendous amount of nursing care attendant with sterile linen and the light 
cradle which we formerly used with the eschar type of treatment for the hospitalized 
patient and the time-consuming frequent dressings necessary with most of the 
local treatments used for the ambulatory patient With our type of treatment 
the transparent film is removed if evidence of infection is seen beneath it or when 
one desires to debride the area for early skin grafting In these last two instances 
the film is removed with ease since the casein solution which holds it in place is 
water soluble 

In our experience this method of treatment more readily' controls the early 
local loss of plasma protein from the burned area than does petrolatum gauze or 
an ointment It also eliminates the voluminous dressings necessary m the latter 
types of treatment to absorb this loss of fluid 

The solution w'hen used with the films has also been found to be valuable in 
the treatment of abrasions and chronic ulcers and to support the skin incision, 
preventing the separation of the edges after removal of the sutures The films 
have also been used to cover small deep skm grafts and the donor site 

Tissue which has been injured, regardless of the type of trauma, whether by 
a burn or m some other manner, is tissue w'hose physiologic status is uncertain 
We know' from tissue culture, as well as from in vivo studies that cellular metabo- 
lism and giow'th depend on the life of each individual cell w'hose nutrition comes 
from the surrounding extracellular fluid 20 All proteins are not equally effective in 
nutntion since each contains varying amounts of the amino acids Only’ ten of 

19 Footnote deleted bv the authors 

20 Willmer, E N , Tissue Culture, London, Methuen X. Co Ltd, 1935 
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these, Rose - 1 believes, are essential for growth and its maintenance Thus, by 
application of partially hydrolyzed casein in a water-soluble solution, we may be 
providing the best possible medium with which these injured cells of uncertain 
status can obtain the needed nitrogen for their growth and development In the 
future the feeding of cells by local application of protein solutions may become as 
important a therapeutic measure as the parenteral administration of plasma and 
the ammo acids Use of hydrolyzed casein solutions in the treatment of diseases 
associated with protein deficiency was demonstrated by Elman 22 In a like manner 
we have found it to be the most valuable substitute for plasma protein therapy 
in the local treatment of burns and wounds 

SUMMARY 

A new solution containing casein is used in the local treatment of burns and 
wounds 

It is recommended that it be used with a flexible tiansparent film, several of 
which are described 

In this study there were 240 cases of burns and wounds which showed a low 
incidence of infection and a minimum of complications 

The in vivo and in vitro tests demonstrate that these casein preparations aie 
nontoxic to tissue cells 

The method of treatment described allows one to utilize many of the funda- 
mental principles of burn and wound therapy 

H A B Dunning Jr helped in the preparation of the casein solutions used 

21 Rose, W C The Nutritive Significance of the Amino Acids, Physiol Rev 18 109, 
1938 

22 Elman, R Parenteral Replacement of Protein with the Amino Acids of Hydrolyzed 
Casein, Ann Surg 112 594, 1940 



PANCREATIC CALCULI 

REPORT OF SEVEN CASES IN TWO OF WHICH CURE WAS 
EFFECTED BY FANCREATICOLITHOTOMV 
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BERNARD J FICARRA, MD 
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AND 

NICHOLAS H RYAN, MD 
Attending Surgeon, Kings Count} Hospital 

BROOKLYN 

The literatuie on pancreatic hthiasis reveals that investigators disagree on the 
exact number of cases reported However, all are m unanimous agreement with 
the statement that this finding is rare Various writers have attempted to establish 
the infrequency of pancreatic calculi The figures obtained m our review of the 
literature are given in the accompanying table 

A study of these figures presents the possibility that reduplication occurs in 
some instances It must also be conceded that many other cases are excluded 
which have not been reported Haggard and Kirtley 1 reviewed the literature 
on pancreatic calculi m 1939 Their report covers a period of two hundred and 
seventy-one years They could find authentic records of 204 cases Only 65 of 
these were observed at operation To this number should be added 3 repoited 
by Townsend 2 and IS seen at the Mayo Clinic 3 This would bring the total number 
of reported cases to 225 King and his associates 4 wrote of 4 cases of generalized 
calcification of the pancreas His review of the literature revealed 11 other cases 
of calcinosis of the pancreas Pilcher 5 added 4 moi e cases of pancreatic calcinosis 
These 19 cases of petrifying pancreatitis are not incorporated in the total 225 
cases previously mentioned 

We are reporting 6 instances encountered at Kings County Hospital from 
January 1938 to April 1943, plus 1 case seen in private practice by one of us 
(J L ) The diagnosis in 5 instances was by roentgenogram Roentgenograms 
were taken on two or more occasions, so that there was no doubt of the diagnosis 
Two patients were subjected to operation, and the diagnosis was confirmed at 
operation Both of them were cured by surgical removal of the calculi 

ETIOLOGY AND PATHOLOGY 

The exact cause of pancreatic calculi remains unknown The dominant 
etiologic factor resides m stagnation of pancreatic juices as a result of chronic 

From the surgtcal service of Dr Nicholas H Ryan 

Read at the meeting of the Brooklyn Surgical Society on Oct 7, 1943 

1 Haggard, W , and Kirtley, J Pancreatic Calculi A Review of Sixty-Five Opera- 
tive and One Hundred and Thirty-Nine Nonoperative Cases, Ann Surg 109 809 (May) 1939 

2 Townsend, S R Pancreatic Lithiasis, Canad M A J 43 228 (Sept) 1940 

3 Snell, A M , and Comfort, M W The Incidence and Diagnosis of Pancreatic 
Lithiasis Review of Eighteen Cases, Am J Digest Dis 8 237 (July) 1941 

4 King, A B , and Waghelstem, J M Calcification of the Pancreas, Arch Int Med 
69 165 (Feb) 1942 

5 Pilcher, J T Personal communication to the authors - 


137 



138 


lRCHIT'ES OF SURGERY 


inflammation with sclerosis Stagnation is allied to retention This is followed 
by a nnld infection, with exfoliation of cells, precipitation of lime salts and foimation 
of stones r Some investigators maintain that the precipitating agent can be found 
in disease of the biliary tract " 

As is true of formation of stones elsewheie in the body, the chemistry of 
pancreatic calculi is not fully understood Two facts are prominent m the chemical 
account of the disease Fust, pancreatic stones are composed chiefly of calcium 
carbonate and tribasic calcium phosphate Second, normal pancreatic juice does 
not contain calcium in this form An inflammatory process in the pancreas, there- 
fore, may be indicted for altering the chemical composition of pancreatic secretions 
This produces precipitation or deposition of calcium within the ducts 3 

Pathologically, pancreatic stones may be divided into true stones, found in the 
ducts, and false stones (calcification), found m the parenchyma True stones 
resemble salivary calculi They are usually smooth and rounded, rarely faceted 
Calculi vary in size, have a tendency toward multiplicity and often fuse to form 
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branchings They are most often found in the pancreatic head, less frequently in 
the body and rarely m the tail 8 9 

A study of the pancreatic parenchyma in cases of calculi of the pancreas 
reeeals definite pathologic changes Chronic interlobular pancreatitis has been 
described This gradually involves the entire gland with diffuse fibrosis The 
islets of Langerhans are last to be involved When extensive destruction of the 
islets occurs, the glycosuria of true diabetes results 0 

Further microscopic study show's progressive chronic pancreatitis with mail) 
areas of calcium deposits The arteries may show' marked endarteritis Occasionall) 
a subacute inflammatory process has been noted to involve not only the epithelial 
lining of the ducts but large areas of the gland tissue as w'ell Rarely, acute oi 
subacute pancreatitis with fat necrosis and peripancreatic induration is found J 

6 Archibald, E \\ , and Kaufmann. M Surgical Diseases of the Pancreas, in Lewis 
D Practice of Surgen, edited b\ W Walters, Hagerstown \fd , W F Prior Companj, 
Inc, 1943, \oI 8, chap 1 

7 Ma>o, T G Pancreatic Calculi Proc Staff Meet, Ma\o Clin 11 456 (Ju!> 15) 1936 

8 Witherspoon J Pancreatic Lithiasis, South M J 30 1064 (Not ) 1937 

9 Ackman, F D ind Ros c A Pancreatic Lithiasis Surg, G\nec & Obst 55 90 
fjuh) 1932 
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Formation of cysts is not particularly uncommon This occurs when the smaller 
pancreatic ducts become dilated Abscesses in the parenchyma are seen occasionally 
Among the late dei elopments in the course of pancreatic hthiasis may be secondary 
fatty change m the liver This depends on the disturbance m the secretion of the 
pancreatic hormone lipocaic which has a regulatory function involving the deposi- 
tion of fat m the hepatic parenchyma 10 

Mention should be made of conditions found associated \\ ith pancreatic hthiasis 
Among these are cirrhosis of the liver, cholelithiasis, cholecystitis, duodenal ulcer 
and atheroma of the splenic artery 11 

COMPOSITE CLINICAL PICTURE 

There is no typical clinical picture It is difficult to diagnose panel eatic calculi 
by the signs and symptoms With the exception of roentgenologic studies, the 
laboratory offers little aid in diagnosis 

Epigastric pain is the most prominent symptom This may be sudden or 
progressive Radiation of the pain may occur transversely or to the left, rarely 
to the right Often the pain simulates so-called indigestion or the colic of chole- 
lithiasis or renal calculi Extensive periods of freedom from pain are common 
In some instances the pain is extremely severe When the pain is associated 
with vomiting, acute pancreatitis is suspected This is especially true when 
pancreatitis is concurrent 

Other aspects of the clinical picture may be loss of weight, diarrhea, sense 
of epigastric pressure or lowered blood pressure 

Glycosuria producing the picture of painful diabetes should suggest the pos- 
sibility of pancreatic calculi Fatty stools and jaundice have been reported as 
rare signs Jaundice is caused by edema of the head of the pancreas or is due 
to obstruction of the lower end of the common duct by a calculus as it reaches 
the ampulla of Vater 12 

In pancreatic hthiasis the clinical story is variable It is dependent on the 
extent of pancreatic reflex digestive disturbances To this may be added the effects 
produced on other abdominal organs by the destruction in the pancreas More- 
over, as is the case with stones elsewhere in the body, the condition may be 
almost entirely asymptomatic 3 

THE DIAGNOSIS 

The diagnosis is made by roentgenogram The stones aie radiopaque since 
they contain a large amount of calcium caibonate Fluoroscopy does not reveal 
their location 

The position of the stones is usually across the upper part of the abdomen 
at the level of the second and third lumbar vertebrae This allows them to be 
mistaken for gallstones, renal calculi or calcified retroperitoneal or mesenteric lymph 
nodes There is no definite means of outlining the pancreas m the roentgenogram 
However, it has been recognized that enlargement of the head of the pancreas by 
neoplasm, inflammation or cyst formation will result m distortion or spread of 
the duodenum 8 

CASE REPORTS 

We are presenting a report of 2 cases of pancreatic calculi The first patient 
was operated on in 1940 at another hospital by one of us (J L ) At that time 

10 Faust, D B Pancreatic Lithiasis, Ann Int Med 9 625 (No\ ) 1935 

11 Faust 10 Townsend 2 

12 Bost T C Pancreatic Lithiasis Report of Cases, Am J Surg 29 85 (JuK) 1935 
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two stones were removed from the head of the pancreas The second patient was 
operated on at Kings County Hospital for the lemoval of foui calculi in the tail 
of the pancreas Both patients had uneventful recovenes At the time of this 
writing they are enjoying good health 

Case 1 — A 56 year old clergyman entered the hospital on Aug 18, 1940 At that time 
his complaint was epigastric distress and pain This pain did not radiate Other symptoms 
were belching, intolerance to fatty foods and constipation All these complaints were of three 
months’ duration The family history and the patient’s past history were irrelevant 

On admission the temperature, the pulse rate and the respiratory rate were within normal 
limits The blood pressure was 148 systolic and 80 diastolic The patient was well built, 
somewhat adipose A slight icteric tinge of the scleras was noted The chest revealed 
nothing unusual The abdomen was protuberant, no masses or organs were palpable Ten- 
derness was elicited on deep pressure over the right hypochondrium and epigastrium 
Laboratory studies demonstrated nothing unusual 
The impression was cholecystitis with cholelithiasis 



Fig 1 (case 1) — A, preoperative roentgenogram showing calculi in the pancreatic head 
B, postoperative roentgenogram, taken thirty-one months after operation, showing absence of 
previous calculi The small area of calcification was reported as not m the pancreas 

The day after admission cholecystography was performed This revealed the gallbladder 
to be of small size The dje concentration was below normal, indicating a moderate distur- 
bance of biliary function 

A calcified mesenteric node near the level of the third lumbar vertebra to the left of the 
midline was reported In addition, calcification at the level of the first lumbar vertebra, 
involving mesenteric nodes or possibly the pancreas, was seen 

On Aug 21, 1940, with the patient under spinal anesthesia, the peritoneal cavity was 
entered via an incision m the upper right rectus muscle Exploration revealed the gall- 
bladder to be slighth thickened, not inflamed and without calculi The head of the pancreas 
was indurated The pancreatic duct contained two calculi of about equal size, measuring 
bj J4s inch (0 64 bj 0 32 cm) In the operative procedure the pylorus and duodenum 
were retracted, with exposure of the head of the pancreas An incision was made into the 
pancreas The calculi were removed with a clamp The pancreatic incision was sutured 
with atraumatic catgut Th. abdominal wall was closed in the routine fashion, with a dram 
in the operative site 

The postoperative course was uneventful On one occasion urinaljsis revealed a trace 
ot sugar and a positive acetone reaction No insulin was administered Abdominal (listen 
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tion on the fourth day was combated with enemas The drain was removed on the fifth 
postoperatne da\ The wound did not become infected, excoriation of the shin was pre- > 
vented by application of a mixture of kaolin and olive oil 

The most recent postoperative 1 oentgenogram of the abdomen was taken on May 27, 
1943 (fig 1 B) This re\ ealed a single irregular calcific deposit in the right quadrant to 
the right of the twelfth vertebra This may indicate that one calculus was not removed 



Fig 2 (case 2) — A, preoperative roentgenogram showing calculi in the tail of the pan- 
creas B, postoperative roentgenogram showing absence of previous calculi 



Fig 3 — Photograph of calculi removed at operation (case 2) 


The other calculi reported in the previous roentgenogram -were not visualized in the recent 
study 

Case 2 — A 35 j ear old seaman of the merchant marine entered Kings County Hospital 
on March 21, 1942 His chief complaint was severe epigastric pain which commenced tw'O 
days before admission The pain was hnifelihe and intermittent m tjpe The asymptomatic 
periods were of several hours’ duration He had \omited on one occasion twent>-four hours 
before admission He belieaed the vomitus contained clotted blood 






142 


ARCHIVES OF SURGERY 


His past history included four operations on or about the stomach for gastric ulcer It 
was not possible to secure adequate information on Ins previous surgical history, because he 
had been hospitalized m England and South Africa As far as could be determined from 
the patient, the first operation occurred two years prior to his present hospitalization At 
that time he underwent gastrorrhaphy for a perforated ulcer The second operation was for 
postoperative adhesions The exact nature of the third operation is not known The 
fourth operation, gastroenterostomy, was performed two months before he entered Kings 
County Hospital 

The physical examination demonstrated nothing unusual The patient was well devel- 
oped and well nourished The blood pressure was 114 sjstohc and 60 diastolic, the tem- 
peraure, the pulse rate and the respiratory rate were within normal limits The abdominal 
wall contained four longitudinal healed scars about one-half inch from each other in the 
midepigastrium Tenderness was elicited in the epigastric region on slight pressure There 
was tenderness of the costovertebral angles with spasm of the sacrospinalis muscles in the 
lumbar region 

The impression on admission of the patient was marginal ulcer or renal calculus 

Roentgenologic studies at Kings County Hospital revealed no intrinsic lesion of the 
stomach but a well functioning gastroenterostomy A flat roentgenogram of the abdomen 
demonstrated a large calculus (about 2 cm in diameter) and a few' smaller ones (a total 
of four) located inferiorly between the transverse processes to the left of the second lumbar 
vertebra These calculi were believed to be m the panci eas Intravenous pyelograms elim- 
inated the possibility of their location m the kidney 

On April 13, 1943, with the patient under spinal anesthesia, the pancreas was approached 
through the gastrocolic omentum into the lesser peritoneal cavity Four calculi were 
removed from the pancreatic parenchyma These w'ere located in the tail of the organ 
The calculi were removed by incising the pancreatic tissue A T tube was placed in the 
operative site and held in position with a purse string atraumatic suture Closure of the 
abdomen was accomplished in the usual manner 

The salient feature of the postoperative course was a bloody fluid draining from the T 
tube for the first tw'enty-four hours, followed by a yellowish thick exudate for the next 
tvventj-four hours On the fourth day after the operation urinalysis showed sugar (1 plus) 
in the two specimens on that day On the same daj an increase m the amount of fluid 
draining from the T tube was noted This drainage increased gradually until April 20, 
1943, when the fluid assumed a yellow' color and had the odor of fermented material The 
skm was slightly excoriated at this time Six days later the T tube was removed (twelfth 
postoperative da>) The wound healed rapidly thereafter Three weeks after the operation 
the patient was discharged He has returned to the follow'-up clinic every third week since 
leaving the hospital Prior to his discharge from the surgical service, a flat roentgenogram 
of the abdomen proved that the calculi had been removed 

POSTOPERATIVE CARE 

In the postoperative care of these patients we found that the wounds would heal in three 
weeks without difficultv and with little autodigestion of the skin Excoriation was controlled 
with equal mixtures of kaolin and olive oil 

\ low carbohjdrate diet was given, partly to control the glycosuria and partly because 
this type of diet appeared to diminish pancreatic secretion 3 When the secretion appeared 
to increase, as demonstrated bj the drainage, ephednne sulfate, Y& gram (24 mg ) three 
times a da>, was given This reduced the output of the pancreatic juices by causing vaso 
constriction The foregoing practice is consistent with the known fact that the pancreas is 
sensitive to changes in the volume of blood flow 1 

SUMMART AND CONCLUSIONS 

It has been accepted in the past that pancreatic hthiasis is a rare entit} Perhaps 
it would be preferable to state that in clinical studies this condition is infrequently 
encountered, possibly because of the failure of the clinician to consider it in his 
differential diagnosis The total number of cases, including those m this paper, 
we believe to be 232 

Pam is the most significant complaint Associated diabetes or jaundice is 
seen rarclv The patient’s storv often suggests bilnrv or renal calculi The 
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diagnosis is established b\ roentgenologic studies of the abdomen A simple dat 
roentgenogram <jf the abdomen will re\eal the calaih 

When a diagnosis, of pancreatic litlnasis is made surgical imer\*ention is indi- 
cated The safest approach to the pancreas is through the gastrocolic omentum 
according to American authors Where this approach has been utilized diere is 
reported an operatn e mortality of 7 per cent Palliatn e treatment is of little 
avail Unless the calculi are remoied the patient with symptoms must continue 
to complain of discomfort and look forward to the possibility oi gradual destruction 
ot the pancreas 

217 CLnton A\ en ie 
1702 Forta -Sixth Street 
142 Jo-tJetnoa Street. 
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SIMPLIFIED SURGICAL APPROACH TO THE HIP 

ROSS SUTHERLAND, MD, and M JOHN ROWE Jr, MD 

LOS ANGELES LONG BEACH, CALIF 


Many appioaches to, the hip joint have been 
described All have advantages and disadvan- 
tages It is safe to say that at the present time 
the Simth-Peterson approach is used most widely 
by American orthopedic surgeons This ap- 
proach appears to give a maximum visualization 
of the hip joint with a minimum of operative 
trauma 

However some disadvantages of the approach 
u e inevitably apparent There is often adherence 
ot the scar to the iliac crest Weakness of the 
gluteal muscles, particularly of the abductor and 
internal rotatoi muscles, is always present to 
some degree because of the reflection of the 
gluteal origins from the iliac surface Hernor- 
1 hage is at times formidable with the section of 
muscles and tendons necessaiy to open the field 
Institution of mobility of the joint is always 
delajed because of the necessity of allowing 
healing of the replaced soft tissues 

Y\ ith the recent use of metal fixatives to 
leplace bone attachments of muscles and allow 
tarlv function during the healing of the bone 
it is evident that further simplification of this 
standard surgical procedure may be accomplished, 
with resultant decrease in some of the disadvan- 
tages mentioned 

1 he technic adopted is founded on the pnn- 
ciple that tunctional return is more rapid when 
muscle attachments are removed with a portion 
of the bone and the bone is replaced with internal 
hxatives The principle is the same in that the 
sartorius group is removed intact with the an- 
terior superior iliac spine, the rectus femoris 
with the anterior inferior iliac spine and the 
gluteal group w ith its insertion into the trochanter 
of the femur rather than by elevation of the 
origins from the iliac wall Such technic allows 
the reflection of the muscles in planes with a 
minimum of hemorrhage from intramuscular 
vessels After conclusion ot the operation the 
hone portions with attached muscles are re- 
placed in the reverse order with metal fixatives 
nd often the trochanter is transplanted distallv 
to allow greater abductor Junction with a longer 
lever arm Motion mav be instituted within the 
nr«t two weeks and mav be active because ot 
he firm fixation of the muscle attachments 

Tron tilt Ttdn.no-- Orthopedic Clinic 


REPORT or CASrS 

Case 1 — D N, a girl aged 12, had ankvlosis ot 
right hip following infectious arthritis There 
severe flexion and adduction deformity with -- 
satory scoliosis On May 5, 1943 reconstruction of 
hip joint was performed by use of the a- 
described The superior and inferioi anterior 
spines were removed with the osteotome and rcfl 
with their attached muscle groups The trochanter 
osteotonuzed and reflected with the gluteal group 
capsule of the hip was then opened, with compi 
exposure of the femoral head and acetabulum 1 
ankylosis w-as severed and the hip dislocated so - 
the entire irregular overgrown margin of the fp'”> 
head could be excised leaving only a small area 
cartilage in the region of the ligamentum teres 
acetabulum was then somewhat shallow and a 
metal shelf was applied to its upper margin to g-v 
luxation of the hip The femoral head was re*'" 
the capsule closed and the trochanter transplanted 
tally and fastened with two vitallium nails The -i 
iliac spine was replaced with one nail and the sui -■ 
spine with a second nail The fascia and skin 
closed, and no external fixation or traction was 
The patient’s condition remained almost un 
throughout the operation, which was performed m 
than an hour A transfusion, together with pai 
administration of fluids, was given during the oper- 
as has been customary, but it was felt that this ^ 
unnecessary because of the lack of hemorrhage 
valescence was rapid and uneventful Pool therapy 
begun three weeks after operation, on discharge u 
the hospital 

Case 2 — H R, a woman aged 39, had tong 
dislocation of the left hip with secondary am*'* 
changes and pain After a preliminary exercise 
reconstruction of the hip with application of a - 
shelf was performed on May 19, 1943 Traction * 
applied by the Russell method for ten days after ^ 
tion, and motion of the hip was begun m traction 
days after operation The patient was allowed the 
of crutches immediately after removal of the tracti 
She began swimming three weeks after operation a 
full weight bearing at four weeks Discomfort co" 1 ” 
to that with the usual operative procedure was 


A simplification of the surgical apptoach 
the hip joint is presented which decreases su't- 
cal shock and allows early function ot the jc^ 
I)} utilization ot internal metal fixation oi • 
hone attachments of muscles which mu- 1 
reflected to expose the joint area 


1660 Tcrnuno, Long Beach 

afll Protcssional Building Long Beach 
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anterior superior iliac spine, 2, anterior inferior iliac 
spine, 3, trochanter of femur, 4, site of distal trans- 
plantation of trochanter B, incision m skin shown m 
dotted line on small figure C, site of attachment of metal 
hip shelf when used shown in second small diagram 


r 


Tig 2 (case 1) — A, fibrous ankylosis of hip from Fig 3 (case 2) — A, congenital dislocation of hip with 
cctious arthritis B, postoperatnc roentgenogram painful arthritis m false acetabulum B, postoperatne 
jwine metal fi\ati\cs and shelf roentgenogram show mg trochanter transplanted distallj 
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PROSTATE 

Pi ostatcctomy Versus Tiansinethal Resection — Young 31 discusses the ques- 
tion of perineal prostatectomy versus transurethral resection of hypertrophy and 
cancel of the prostate He states that there are in the records of the Brady Uro- 
logical Institute hundreds of case histones which testify to the relief of obstruction, 
fiequency, difficulty, pain and other symptoms presented by patients who have been 
successfully treated by transurethral piostatic resection either with his cold-cutting 
punch or one of its modifications 01 with the electric resectoscope of McCarthy He 
reports a series of patients who complained of unsatisfactory' results after one or 
more transurethral resections elsewdiere 

He first describes those cases in wffiich piostatic lobes had been left behind or 
developed after transurethral resection, removal of which by perineal prostatectomy 
afforded relief of the symptoms of wdiicli the patient complained In some of 
these cases the transurethral operations had been manifestly inadequate Often only 
the middle lobe was thoroughly resected and the lateral lobes were incompletely 
removed In many' instances, how'ever, the patients had obtained relief of obstruc- 
tion for a time, but the remaining poitions of the hypertrophied lobes continued to 
grow and ultimateh produced obstruction to urination and other distressing 
sy mptoms 

In other cases these symptoms were greatly aggravated by the presence of 
infection, not only of the bladder and urethra, but of the remaining prostatic 
tissue Chrome prostatitis appeared to be a frequent sequel of transurcthr.il 
resection, and in most instances resisted all efforts at sterilization by modern 
chemothcrapi including the \anous sulfonamide compounds 

* The opinions and assertions contained herein are the prnatc ones of the \anous writers 
and are not to be construed as official or reflecting the news of the Na\> Department or the 
naval serwee at large 

31 "iounc H H Perineal Prostatcctoim \ trsus Transurethral Resection for Hirer 
tropin and Cancer ot the Pro-Uate Surg , Ginec. & Obst 77 1-15 (Jul> ) 1943 



SCHOLL ET AL— REVIEW OF UROLOGIC SURGERY 


147 


In some cases m which no residual mine was found the irritation was sufficient 
to produce frequent mictuntion and even dysuna In such cases a second and even 
a third transui ethral resection had failed to do away with the distressing symptoms 
which followed the first resection 

In a few cases vesical calculi were present, having recurred m 1 case after a 
second resection and removal of the stones In some cases calculi in the tissue of 
the prostate gland itself were responsible for discomfort and the persistence of 
pyuria and infection Perineal prostatectomy, by affording an opportunity to 
remove completely the stone-bearing prostatic tissue, finally gave complete relief 
A number of these patients had not been relieved by a second transurethral 
resection elsewhere but were promptly cured by enucleation of the obstructing 
infected lobes through the perineum 

These cases seem to prove conclusively that m prostates of considerable size, 
and even in some of moderate size, enucleating prostatectomy is a far more scientific 
procedure than chipping away the periurethral prostate bit by bit, and rarely remov- 
ing all the adenomatous lobes completely. 

But it is in the carcinomatous prostate that the routine use of transurethral 
resection m all cases in which there is prostatism has its most dire results In 
most of the cases of cancer reported by Young a considerable period had elapsed 
between the transurethral resection and the time that the patient was seen, with 
cancer of the prostate too advanced for the ladical operation In these cases the 
histones frequently disclosed that the patients had been treated for months before 
being subjected to a transurethral operation 

Young concludes, from this study of the 200 patients who were subjected to 
one or more transurethral resections before coming to him, that for many cases, 
particularly those in which the prostates are considerably enlarged, complete 
enucleation of the hypertrophied lobes through the perineum gives better results 
and is no more dangerous than transurethral resection 

Prostatitis and painful urination are certainly less common after perineal 
prostatectomy than after transurethral resection Another great advantage of 
the perineal procedure is the opportunity which it affoids to make a diagnosis and 
effect a cure of carcinoma of the prostate 

Undoubtedly many conditions, particularly bars, contractures and small hyper- 
trophies, can be dealt with efficiently by transurethral resection But in the cases 
of larger hypertrophies, those in which there are calculi in the prostate and those of 
chronic prostatitis. Young’s study of 200 cases shows that perineal prostatectomy 
is distinctly superior to transurethral resection 

Prostatism is so complex in its symptoms and so varied m its pathologic changes 
that it can be handled satisfactorily only by careful selection of the operative 
procedure best suited to obtain a radical cure 

The exclusive use of transurethral resection for all types of prostatic obstruction 
even the very laige and the malignant, is indefensible 

Griffin 32 states that mortality and morbidity rates for transurethral resection 
are high for the nation as a whole In resection centers and m the practice of 
individual experts they are low The misconception by physicians, hospital staffs 
and patients that this operation is a simple procedure does much to maintain 
unfavorable national statistics Griffin gives a summarj of results m his first 83 
cases He considers the mortality rate of 1 1 per cent in this series as indicative 
of what can be accomplished in new surioundmgs after accredited training in trans- 
urethial prostatic resection 

32 Griffin, M The Resectionist Considers the Case Against Transurethral Prostatic 
Rejection, T Urol 49 452-4S6 (March) 1943 
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Recw icnt Symptoms — Cook 33 discusses the causes and treatment of symptoms 
recurring after transurethral prostatectomy He states that transurethral prostatic 
resection has almost completely supplanted other forms of prostatectomy at the 
Mayo Clinic 

The narrowing of the urinary stream is due in many cases to inadequate 
removal of tissue The narrowing may have been present preoperatively or it 
may result from trauma to the uiethra at the time of opeiation The latter can be 
avoided by gentle and satisfactory dilation of the urethra before the small 
resectoscope is inserted If this is not possible, perineal urethrotomy should be 
performed and the instrument passed through this opening If a stricture and 
associated periurethritis do develop postoperatively, the passage of a sound 
frequently will relieve the patient’s distress Many times a narrowed stream 
occurs because of constriction just back of the meatus in the fossa naviculans 
For this type of stricture dilation is of benefit 

The danger of massive bleeding is almost entirely gone in fourteen days, and 
after this time, if bleeding does occur, it is not likely to be serious With the 
slough incidental to the normal healing process, bleeding occasionally will occur 
This usually can be controlled satisfactorily by lavage of the bladder If this 
procedure is not sufficient, an indwelling catheter left in place for twenty-four to 
forty-eight hours will control the bleeding Inadequate removal of tissue may be 
lesponsible for continued hemorrhage Whenever continued hemorrhage occurs, 
cystoscopic examination is indicated Many times an occasional few drops of blood 
m the urine can be controlled satisfactorily by the administration of 1 gram 
(0 065 Gm ) of methylthionine chloride U S P (methylene blue) three times a 
day This has undoubtedly some hemostatic properties, but a contributing benefit 
tor the anxious patient is the fact that it disguises the presence of bleeding 

Incontinence is a rare complication, and in cases of benign hyperplasia of the 
prostate is almost always due to faulty technic of the surgeon In a small group 
of cases trauma to the sphincter, the result of evulsion of the fibers rather than 
actual cutting of the sphincter, is the cause In such instances the incontinence 
eventually disappears, and its disappearance can be helped by instructing patients 
to exercise the muscles of the perineum by regular voluntary contractions Urinar) 
leakage is frequently seen after operations for malignant lesions because of 
destruction of the sphinctenc action by actual invasion of the control muscle by 
the tumor When this occurs, a penile clamp is most helpful 

Inadequate removal of tissue is the usual cause of residual urine Because of 
lailure to remove sufficient tissue, infection undoubtedly will continue and the 
patient sooner or later vv ill fall heir again to his original symptoms of obstruction 
Infection may cause residual urine and if present, should be eradicated If residual 
urine is noticed immediate!) after operation, diverticulum or atomcity of the bladder 
ma\ be the cause During the last few jears a large group of patients who have 
had large diverticula of the bladder have undergone transurethral resection at 
the Mavo Clinic In almost all cases the diverticulum has not required any further 
surgeal treatment and has eventually shrunk to an imperceptible lesion if the 
tissue at the vesical neck was adequately resected In some instances, dailv 
catheterization has been needed postoperativel) for varying periods in order to 
enhance the shrinking Such catheterization also should be resorted to in the 
atonic bladder incidental to obstruction of long standing in which the amount ot 
residual urine is large Ev entuallv v esical tone vv ill be restored by this procedure 

33 Cook I' \ Causes and Treatment of Sjmptoms Recurring After Transurethral 
Prostatcctoim Proc Staff Meet, Ma\o Clin 18 156-159 (Maj 19) 1943 
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Infection is most commonly a cause of dysuria Immediately aftei operation 
there is not much reason for attempting to eradicate existing infection If it is 
great, however, lavage of the bladder and chemotherapy by mouth may serve to 
reduce the amount, but complete sterilization of the urine can rarely be obtained 
Cook feels that no real effort to eradicate infection should be attempted for four 
to six weeks after operation A word of caution should be interjected concerning 
the use of sulfonamide compounds for older patients Small doses, never exceeding 
45 grains (3 Gm ) daily for a period of one week, will usually suffice 

The intake of fluid is often responsible for frequency and nocturia For some 
reason patients feel that a large intake of fluid will improve their stream Thev 
should be instructed to drink 8 glasses (2 liters) of fluid daily and to do most of 
this before 4pm The observation also has been made that older persons put 
out more urine at night than young persons The cause of this is uncertain, but 
it probabh is related to the fact that at rest in bed their circulation is improved, 
and with a greater amount of blood passing through the kidne\s urinary secretion 
is increased Nocturia of the aged frequently occurs, and the only possible help is 
obtained by reduction of the intake of fluid late in the da\ 

Sexual disturbances are not common and come without anj degree of regularity 
Usuall) there is no change of libido or potentia, but in some cases these are 
increased and in others decreased The most frequent complaint is the loss ot 
ability to ejaculate This is the result of anatomic tactors As the region ot the 
vesical neck is opened widely at the time of opeiation, it is easier for the ejaculated 
semen to pass into the bladder than out through the urethra A few words ot 
reassurance are again all that is necessary to help the patient and put his mind at 
ease 

Epididymitis may occur but can usually be avoided if the patient is instructed 
not to let his bladder get too full, not to strain and not to do any heavy work for 
three or four weeks after operation When epididymitis does develop, adequate 
support to the scrotum, rest, warm sitz baths and chemotherapy usually will clear 
up the condition 

Prostatic abscesses are rare Thrombophlebitis of the veins of the legs maj 
occur and, if it does appear, it should be treated as usual Rest, elevation of the 
extremity and application of hot moist packs are indicated This complication mav 
be followed by tragmentation of the clot with secondary emboli reaching the lung 
and producing infarction, in rare cases death ensues 

Pr ostatic Obsti uction and Diver ticula — Adams 34 presents 26 cases of diverticula 
of the bladder occurring in a series of 200 consecutive cases of prostatic obstruction 
Twenty-four patients were treated successfully by so-called conservative measures 
without diverticulectomy , although 3 patients are considered only improved and 
1 was not followed, the remaining 20 patients are considered cured Indications 
for diverticulectomy occurred m only 2 of the 26 cases, and the general indications 
for occasional primary or secondary diverticulectomy are given Most patients 
suffering from prostatic obstruction with associated diverticula can be successfulh 
treated by lemoval of the obstruction at the vesical outlet Manual dilatation or 
transurethral resection of the orifice of the diverticulum occasionally is thought 
indicated and of some slight value m promoting better drainage 

Cancer — Dean, Woodard and Twombly 25 state that from the clinical viewpoint 
the observations suggest that patients wdio have cancer of the prostate are made 

34 Adams, P Prostatic Obstruction Complicated bj Diverticula of the Bladder, T Urol 
49 558-571 (April) 1943 

35 Dean, A L , Woodard, H Q, and Twomblj, G H The Endocrine Treatment of 
Cancers of the Prostate, J Urol 49 108-117 (Jam) 1943 
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more comfoi table when treated by surgical cassation 01 In the administration of 
estrogens than when treated by other methods and perhaps live longer The 
majority, however, after a variable period of improvement relapse and die of 
the disease It may be that endocrine treatment exerts different degrees of benefit 
on different types of prostatic cancers to such a degree as to provide even a cure 
in an especially fortunate type It will be remembered that prostatic cancers ma\ 
vary considerably in their natural history and in then response to other forms of 
treatment, such as irradiation Although an attempt has been made to distinguish 
clinical types by their response to endocrine treatment, this has been unsuccessful 
as yet, possibly because too few patients have been observed 

In their experience, the clinical benefit which follows the oral administration 
of diethylstilbestrol is as great as that which follows surgical castration 

From the research viewpoint it seems well demonstrated that the natural histoi \ 
of cancers of the prostate may be definitely modified by changes in the endocrmes 
These changes can be produced by such measures as surgical castration or the 
administration of estrogens It is possible that, from this starting point, not onh 
the cure but also the prevention of prostatic cancers can be brought about b\ the 
clinician working in collaboration with the biochemist 

Pi ostatitis — Howard 3G states that the word “prostatectomy” is a nnsnomei 
The compiessed residual of the prostate after removal of the adenomatous portion 
by so-called prostatectomy differs histologically only in the diminished numbei of 
gland units, which are as vulnerable to infection as those of the unaltered gland 
In addition to the common pyogenic bacteria which usually are present in prostatitis, 
certain inflammatory conditions of the prostate can be explained only on the basis 
of a virus infection Howard presents 3 cases of prostatitis subsequent to 
prostatectomy 

URETHRA 

Pcnui ctlual Eiti avasation — Steller 37 discusses urinary infiltration in relation 
to periurethral fascia He distinguishes three different lajers of fascia and states 
that the superficial or Colles’ fascia does not necessarily correspond to that referred 
to by Wesson, who described a continuous fascial layer completely covering the 
penis and scrotum Steller states that Colles’ fascia is composed of portions 
from superficial abdominal fascia, the cremasteric fascia, the penile fascia and the 
superficial fascia of the perineum The scrotum does not have any fascial layers 
corresponding to this complex fascial group 1 his is important in regard to 
the localization and spread of urinary infiltration, which usually is due to an 
inflammatory process The second layer of fascia consists of the aponeurosis 
of the abdominal oblique muscles, the suspensory ligament of the penis, the external 
Iajer of the periosteum of the os pubis and the external sheet of the urogenital 
diaphragm The third fascial group is composed of the fascia from the transverse 
abdominal muscles, the internal periosteum of the os pubis and the internal sheet 
of the urogenital diaphragm 

The second part of Steller’s paper deals with the pathologic lactors leading up 
to urinary infiltration In most cases there is an injury to the mucosa of the 
urethra either by mechanical or bj bacterial trauma In 90 per cent of the cises, 
stricture of the urethra was present, usuallj distal from the point of lesion In 
75 per cent there was a histon of gonorrheal infection The urinan extravasation 

36 Howard H \\ Prostatitis Subsequent to Prost itcctonn J Urol 49 450-451 (March) 
1943 

37 Steller L Die periurcthralc Lriiiinfiltration urn! die periuretliralen T is/ien, 7t'cfir 
i Lro! 35 192-204 1941 
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maj be spread in tlnee different ways, which difter greatly from each other as 
to their prognosis In one the infection starts at the bulbous urethra and spreads 
between the superficial fascia and the skm Next, there is an infiltration of the 
perineum, setotum and inguinal and pubic regions The prognosis for life is good 
In the second type, the infection occurs in the membranous uiethra and spreads 
between the two sheets of the urogenital diaphragm After seveial days the 
diaphragm may rupttue eithei outward, in which case the prognosis is good, or 
inward into the organs of the pelvis, in which case the prognosis is bad In the 
third type, the infection starts in the prostatic uretlua, infiltrates all the organs of 
the pelvis and in most cases causes death 

The treatment m all types is incision of the infiltrated legion down to normal 
tissue and drainage of the bladder It is necessary to do both , neither is sufficient 
without the other 

Uiethial Ccn uncle — iMcKnn Smith and Rush Ji> state that every female patient 
who has symptoms of frequency and burning is a possible victim of a uiethral 
caruncle In 95 per cent of their series of 202 cases the caruncle was intraurethral, 
behind a tight meatus In 99 7 per cent it was located on the lower surface of 
the mucous membrane at the urinary meatus The lesion is more frequent between 
the ages of 50 and 60 y-eais than in other age periods Every caruncle should be 
regarded as requiring surgical treatment , the choice of the surgical technic is 
dependent on the type, size and location of the growth McKim, Smith and Rush 
prefer radical removal, followed by local treatment with the high frequency' current 
if indicated In this series no malignant lesions were found 

Dive) ticuhnn — Fagersti ora - 0 states that ‘diverticula of the anterioi ui ethra 
result from obstructive lesions, from lbsions that damage tbe urethral wall or 
fiom a combination of the two A small gioup remains which cannot be explained 
by such conventional factors An attempt has been made to establish a rational 
cause for this group A possible solution was afforded by r tbe fact that in the cases 
presented by' Fagerstrom the diveiticula developed in men who had lost urinary 
control after prostatectomy If the prostate and the spongy urethra are supplied 
by' a common innervation, as seems likely', and these nerve pathways are subject 
to injury, eithei by piessuie necrosis from a prostatic tumoi or by actual surgical 
trauma, then formation of diverticula and incontinence become but tw'O phases of 
a single neurogenic dysfunction The cause of incontinence following prostatectomy 
is a practical problem and is far leaching in its implications 

\ 

URINARY INrnCTION 

Pyui ia — Florman and Bass ' 10 discuss pyuria of the new boi n treated w ith 
sulfathiazole and report 3 cases of py'una occurring in newborn boy's In 1 the 
pyuria w'as associated with uiemia and failure to gain w'cight and in 1 with jaundice 
and Escherichia cob sepsis and in the third it w'as probably secondary to an infected 
circumcision All the hoes w'ere Heated wuth sulfathiazole and lecovered The 
drug seemed to accelerate then lecoverv The physiologic changes taking place m 

38 McKim G T , Smith, P G , and Rush, T W Urethral Caruncle, I Urol 49 187- 
191 (Jan) 1943 

39 Fagerstrom, D P Etiologj of Acquired Dnerticula ol the Anterior Urethra and 
Its Relation to the Cause of Post-Prostatcctony Incontinence Report of Two Cases, T Urol 
49 357-369 (March) 1943 

40 Florman A, and Bass, M H Pvuria of the Newborn Treated with Sulfathiazole 
\ Report of Three Cases Illustrating Different Aspects of the Svndrotnc J A M \ 122 656- 
65S (Juh 3) 1943 
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the neonatal period appeared to be conducive to the development of infection of the 
urinary tract in this age group 

Stei ilc Pyuria — Moore 41 reports a study of 80 cases of sterile pyuria On an 
6tiologic basis the} can be dn ided into three mam groups 


1 Nomnfectn e 

Urinary calculi 20 , 

Toxic disease (nephritis) 9 

2 Infectne (organisms demonstrable on microscopic examination of the 
centrifuged urinary deposit) 

Resohing infections of the urinary tract 1 2 

Faulti technic 4 

Urmarj tuberculosis 24 

3 Infective (no organisms demonstrable on microscopic examination of the 

centrifuged urinary deposit) , 

Resohing infections of the urinary tract 9 

.Carcinoma of the bladder 2 

Prostatitis 5 

True infective abacterial pyuria 5 

(These 5 cases presented m detail ) — 

Total 80 


The literature contains a few references to abacterial pyuria Faltin m 1909 
was the first to draw' attention to cases of sterile pyuria m which tuberculosis could 
be excluded Kretschmer in 1921 reported 200 cases of pyelitis In 21 of these 
the urme contained pus but was sterile on culture Wildbolz stressed the resistance 
of the disease to ordinary forms of treatment and its miraculous cure by the intra- 
venous injection of an organic arsenical preparation From this time the disease 
has been more widely knowm 

At present no definite cause can be assigned to true infective abacterial pyuria 
The few cases which have been reported have led various authors to give their 
own ideas of the cause The possibilities can be considered under the following 
headings (1) bacteria, (2) toxins, (3) syphilis, (4) fungus and (5) virus 

There is no ee idence of the method of infection of the urinary tract This may 
be hematogenous, 1} mphogenous or ascending from the lower part of the urinary 
tract As different parts of the urmarj tract bear the brunt of the infection in 
different cases, it is probable that the organism reaches the urinary system through 
the blood stream 

The disease is most common m joung male adults It is by no means confined 
to these, howeeer as in the 5 cases here analyzed onlj 1 patient was a very joung 
person, and 3 were females The onset may be acute or gradual Symptoms of 
cjstitis then present themsehes and consist of great frequency of micturition, dysuna 
and sometimes hematuria When the bladder and posterior urethra arc the mam 
sites of infection, there are terminal urethral pain and terminal hematuria 

On clinical examination no phjsical signs are found Detailed examination 
shows that the urine contains manj pus cells but no organisms on microscopic 
examination and culture 'W hen the upper part of the urinary' tract is affected 
tests of renal function ma\ show slightlj diminished function on the affected side 
Intraeenous urograms show some dilatation of the pehes and ureters on the affected 
side and m some cases small filling defects due to follicular pyelitis and ureteritis 
Crstoscopt shows nonspecific mflammatorj changes in the bladder which are not 

41 Moore T Sterile Pvuria with Special Retercncc to True Infectwc \bactenal Pjurn 
T Lrc! 49 203-223 fTeb ) 1943 
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particularly niaiked around the ureteral orifices There are none of the char- 
acteristic appearances of urmarj tuberculosis 

The disease is most likelj to be diagnosed as urinar\ tuberculosis In true 
abacterial pyuria tubercle bacilli are never found in the urine by any method of 
investigation The clinical picture is different m that a patient who has urmar\ 
tuberculosis eventuallj will have general constitutional disturbances and loss of 
weight Intravenous urograms made when the disease is in an advanced stage 
will show erosion of the calices and destruction of the renal parenchyma The 
c\ stoscopic picture is quite different Urinary tuberculosis must never be diagnosed 
unless bacilli are observed in the urine With modern methods of investigation 
this is possible m all cases of active tuberculosis 

Another disease difficult to distinguish from true infective abacterial pyuria is 
subacute prostatitis In this disease pus maj be present m the urine, but no 
organisms maj be found Culture of the prostatic secretion will reveal an organism 
in all cases if the methods detailed m this thesis are carried out 

If the disease is not recognized the course is prolonged The capacity of the 
bladder becomes progressively reduced, and the patient is left m the same miserable 
state as one suffering from urinary tuberculosis 

In true infectne abacterial pjuria when a correct diagnosis is made and tieat- 
ment with neoarsphenannne is instituted the prognosis is excellent 

The disease is lesistant to all forms of therapy except that which is specific for 
it Occasionall} the symptoms are relieved by lavage of the bladdei , but eventuallj 
they reappear and can be completeh cured only by intravenous injections of 
neoarsphenannne 

Wildbolz was the first to point out the excellent results of treatment of true 
infective abacteual p\una with neoai sphenannne Tins therapy is entirelj empiric 
but the results are tiuly remarkable In no othei disease are the}' so constant or 
so rapid The treatment is so specific that it may be used as an accurate theiapeutic 
test It is important that a small dose be given It should be withheld from patients 
who have deficient hepatic or renal function 

Titbcuulous Bacilluna — Albuquerque, Campos da Pa/ and Fontes Magarao 
offer a contribution to the stud) of tuberculous bacilluria Their investigation was 
carried out on patients who had chronic, extensive and progressive pulmonan 
tuberculosis, with acid-fast bacilli demonstrable m the sputum This type of 
patient was chosen as offering the greatest possibility of bacillemia The patients 
were followed until death 

Because the presence of tubercle bacilli in the blood stream is alwaj's transiton 
and hard to detect, an endeavor was made to detect bacilluria by means of daily 
examination of the mine for tubercle bacilli Such examinations were continued 
o\ er periods of weeks and sometimes months, until death The sediment of thi 
tw enty-foui hour specimens w'as examined microscopically, cultures were made and 
guinea pigs were inoculated 

When the patient died the entile genitounnarj tiact was thorough!) examined 
If a positne bacteriologic finding wais not in accord wath the results of this 
pathologic examination, serial sections were made of the kidneys, including the 
p\ ramids and the papillae A total of 30 patients were observed Twenty -three 
died and a pathologic examination of their genitourinan tracts was made \n 
anal} sis of the findings for the 23 patients w ho died show ed that 5 had tuberculous 
lesions of the gemtourmara tract, with tubercle bacilli in the urine Three had 

42 Albuquerque P F Campos da Pa/ Jr and routes Magarao -\ Contribution to 

the Stud\ ot Tuberculous Bacilluria, T Urol 49 590-594 C^pril) 1943 
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tuberculous lesions of the genitoui inary tract without demolish ation of the organ- 
isms in the urine In 12 cases the results were totally negative In 4 other 
cases the bacteriologic examination of the urine revealed typical colonies of tubercle 
bacilli by culture and the organisms were pathogenic foi guinea pigs, but serial 
sections of the patients’ renal pyramids and papillae and examination of other 
legions of the genitourinary tract did not disclose the presence of any tuberculous 
lesions 

Albuquerque, Campos da Pa7 and Fontes Magarao conclude that among patients 
in the terminal stages of chronic pulmonary tuberculosis there may be an elimina- 
tion of tubercle bacilli through the kidnej s v bile no tuberculous lesions arc demon- 
strable m the genitourinary system 

ANURIA 

Hasten 4 " states that anuria is a symptom of a shocklike s) ndi ome rathei than 
a clinical entitv Ihe filtration-absorption theory of lenal function leads to clearer 
understanding of causes of anuria, and to more effective means of prevention and 
treatment In the majority of cases m which anuria is a symptom, a marked fall 
of blood pressure is a constant feature An outline of the causes of amnia is 
presented in which the grouping of the mam and vanous factors is made on a 
physiopathologic basis 

The active treatment of circuloexcreton anuria consists laigely of measures to 
restore adequate blood volume and blood piessure The use of vasoconstrictors 
natural and synthetic preparations of adienal cortex, tiansfusions of blood and 
blood plasma and renal decapsulation is discussed The hazards m the use of some 
of the sulfonamide compounds and of incompatible blood in transfusion have been 
stressed These types of intrarenal obstruction should rarely occur in properly 
supervised medical and surgical management In cases of obstructive anuria the 
overcoming of the obstruction frequently is in itself not enough, but all the measmes 
as outlined foi the treatment of circuloexcretorv anima may need to be employed 
if the patient is to be given the best chance foi recovery 

A brief analysis of 9 cases is piesented in which anuria and low blood piessure 
were prominent sjmptoms in a shockhke syndrome Theie were 4 deaths and 
5 recoveries The patients who recovered did so largely because they had the 
benefit of a better understanding of the underlying causative factors togethei with 
the use of more effective therapeutic agents 

Hamer and Mertz 11 report 22 cases of anuria In 4 of these anuria followed 
surgical operations , in 2 it follow ed acute infection of the respiratory tract , in 2 it 
was due to poisoning by niercurj bichloride In 4, it followed medication as follows 
a sulfonamide compound, 2, bismuth, 1, and arspliLiiamine, 1 

In S cases anuria was due to urinarj calculus m 5, to stones in ( surgical) 
solitary kidneys , m 2, to bilateral renal calculus and in 1 , to unilateral renal calculus 
One occuircd m leukemia and 1 in cardiac decompensation due to mitral stenosis 
Three of the 4 patients who had anuria after surgical operations died as did also 
the 1 whose anuria was due to leukemia, the 2 whose anuria was due to acute 
infection of the respiraton tract and the 2 who w r ere poisoned with mercury 
bichloride All of 'these belong in the classification oi patients with renal anuria 
Of the S jiatients with anuria due to urinarx calculus, only 1 died 

43 Ka«ten H T Hu. Etiologv ot \mirn with Lmplnsis on Prevention and i rcatnicnt 
\n Anal\‘is of Nine Cases J Lrol 49 93-107 (Jan) 1943 

44 Hamer, H G and Mertr, H O \mirn, Tr \in \ Gcnilo-Lrin Surgeons 35 
133-175 1942 
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In discussing Hamer and Mertz’s article on anutia, McClelland 45 makes special 
reference to crush injuries In England at the present time, many people are being 
crushed under the bricks and mortar and stone buildings that are being knocked 
down by bombing In such cases a considerable region of contusion in the muscles 
develops, along with some fractures These legions of contusion are said to give 
off some sort of toxin that within twelve hours produces complete anuria The 
patient will be fairly well for a period of six or seven days and then will die 
suddenly During that time, there are the usual signs of anuria, the nonprotein 
nitrogen increases, slight edema comes on, and then suddenly on the sixth or seventh 
day the patient dies When neciopsy is performed, little is found except signs of 
acute nephrosis, indicating absorption of toxin McClelland has observed similai 
types of patients in the mines of northern Ontario Transfusion has been used 
as treatment, but it has not benefited them The different types of intravenous 
therapy which are being used now for shock have been of no avail, but some of the 
patients have been given sodium bicarbonate intravenously in fan ly laige quantities 
which seems to help 

O’Crowley 48 states, m discussing Hamer and Mertz’s ai tide on anuria, that 
within the past year he had under Ins care in the hospital 2 men in their thirties 
who had been subjected to the fumes of carbon tetrachloride from cleaning 
preparations They had anuria when they were brought into the hospital Aftei 
they had been watched a little while thej showed the picture typical of anuria due 
to poisoning with chemicals One allowed a double decapsulation, and the othei 
refused The one with the decapsulation died in three days, the othei died in 
three weeks But he established an adequate output of urine with an absolute to 
zero specific gravity during that time O’ Croud ey thought the problem was settled 
at that time One patient could get along without decapsulation, and the othei 
had to have it , but they both died 

Shupe, 47 m discussing Hamer and Mertz’s article on anuria, reports a case 
in which the treatment may give some clue to the handling of cases of acute nephritis 
from toxic material, from whatever cause, either mercury bichloride or toxic material 
from contusion This w'as the case of a man suffering from poisoning with 
mercury bichloride Just how much mercury bichloride the patient had absorbed 
w r as not known, but the concentrations of uiea, nitrogen and cieatmine in his blood 
were high He w'as treated by multiple transfusions two a day with bleeding each 
time That is, about 200 cc of blood was removed and about 400 cc put in He 
w'as given sodium bicarbonate intravenous!}' One kidnej was decapsulated the 
othei kidney was left alone The patient recovered Postojieiative retrograde 
pyelograms w'ere made and show ed the kidney that w'as decapsulated m much bettei 
functioning condition as to the appearance of the pvelogram and the output of 
indigo caimine than the kidney that had not been decapsulated 

Jeck 48 states, in discussing Hamer and Mertz’s article on anuria, that Dr John 
Rogers, m his expenmental w'oik on dogs, noticed that thjroid residue, one ot 

45 McClelland, J C , in discussion on papers of Hoch, Rathbun,® Smith and Strasberg 30 
Hamer and Mertz 44 and Ormond, Wadsworth and Morlej, Tr Am A Genito-Unn Surgeons 
35 185-186, 1942 

46 O’Crowlej , C R , in discussion on papers of Hoch, Rathbun,'' Smith and Strasberg 30 
Hamer and Mertz 41 and Ormond, Wadsworth and Morlei, Tr Am A Genito-Unn Surgeons 
35 188-189 1942 

47 Shupe, T P m discussion on papers of Hoch Rathbun,® Snath and Strasberg," 0 Hamer 
and Mertz 44 and Ormond, Wadsworth and Mor!e\, Tr Am A Genito-Urin Surgeons 35 
189, 1942 

4S Jeck H , in discussion on papers of Hoch Rathbun ® Smith and Strasberg 30 Hamer 
and Mertz 44 and Ormond Wadsworth and Morle\, Tr Am A Gemto-Urm Surgeons 35 
189-190 1942 
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the substances he \\ as using, was a great stimulates of the kidney Rogers advised 
the use of thyroid residue in cases of anuria, presumably of the excretory type 
Shortly after this, a patient who had a single kidney was admitted to the urologic 
service at Bellevue Hospital He had had anuria for about five days when he 
came in Some of the thyroid residue was procured and given to him according 
to Dr Rogers’ instructions, and within twelve hours he was excreting large 
quantities of urine 

ORTHOSTATIC ALBUMINURIA 

Young, Haines and Prince 49 discuss orthostatic albuminuria and the importance 
of its recognition by medical examining boards They report in detail the case 
histories of 4 patients who had been rejected by the medical examining boards of 
either the Army or the Navy because of the presence of albumin in the urine In 
each of these cases it was established by careful clinical and laboratory tests that 
the albuminuria was orthostatic and that no renal lesion was present As a result 
of their reports, the examining boards which previously had rejected these men 
accepted them In the presentation of these 4 cases the clinical and laboratory tests 
which have been found valuable are discussed, the diagnostic value of placing the 
patient in an exaggerated lordotic position being emphasized 

Sixty-seven cases in which the condition was diagnosed as orthostatic albumin- 
uria were also studied from the records of the Johns Hopkins Hospital Three of 
these were shown to be cases of definite nephritis and have been excluded from 
the analysis In the remaining 64 cases no evidence of nephritis has developed 
with the passage of time, and repeated examinations of some of the patients have 
shown their urine to be free from albumin at various periods after their admission 
to the Johns Hopkins Hospital These studies show definitely that orthostatic 
albuminuria is a harmless condition which eventually disappears, generally earh 
m adult life 

Before a diagnosis of orthostatic albuminuria is made, the following criteria 
should be met (1) no past history of renal disease, (2) normal chemical composi- 
tion of the blood (nonprotem nitrogen, blood urea, total protein and albumin- 
globulin ratio) , (3) normal renal function (phthalem, urea clearance, and dilution 
and concentration tests) , (4) no leukoctyes, erythrocytes or casts in the urine 
except intermittently and in small numbers, (5) no elevation of the blood pressure, 
(6) negative plain roentgenograms and intravenous urograms, (7) absence of 
albumin in the urine secreted and voided when the patient is in the recumbent 
position 

There are a considerable number of cases of orthostatic albuminuria, and man) 
persons have been rejected by medical examining boards because of the presence 
of albumin in the urine With the more comprehensive tests which have been 
outlined, many of these men probably could have been shown to be fit for service 
It would seem desirable for draft boards to reopen the records of these men and 
subject patients who have been rejected because of albuminuria to additional tests 

Young, Haines and Prince avoid any discussion of the subject of so-called 
benign albuminuria, not orthostatic, of which man) cases are reported, and con- 
cerning the significance of which there is considerable difference of opinion 

49 Young’, H H t Haines, J S , and Prince, C L Orthostatic Albuminuria __ The 
Importance ot Its Recognition b\ Medical Examining Boards Mil Surgeon 92 353 36' 
(\pnl) 1943 
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TESTICLE 

Ciypto) chidism — Young 50 presents an intra-abdominal operation for cryptor- 
chidism and reports a case 

The patient was 34 years of age. Thiough a median abdominal incision the 
pelvis was thoroughly explored There were no tubes or uterus present On each 
side a vas deferens was plainly visible beneath the peritoneum as it coursed upward 
from the posterolateral wall of the bladder on each side over the pelvic brim across 
the vessels, above which it joined an elongated spreadout epididymis which ended 
m a small testicle that projected into the abdominal cavity The testicle was covered 
by peritoneum The situation was identical on the two sides The testicle lay about 
5 cm from the middle line and was held in this position by' a fatty cord about 8 mm 
in diameter which ran upward toward the kidney 

The vas deferens was exposed extrapentoneally by' simply separating the 
peritoneum from the abdominal w'all and following this into the pelvis by the side 
of the bladder, then upward along the lateral wall of the pelvis, following the vas 
deferens The testicle was drawn down to the region of the internal inguinal ring 
The gubernaculum was divided, completely liberating the cord and the vessels The 
finger of the right hand was then inserted above the iliac vessels through a depres- 
sion which was recognized as the internal ring Through this the finger was easily' 
pushed 'until it w r as visible beneath the skin covering the grom An oblique incision 
was made over the finger, wdiich w r as then brought out through the incision A 
clamp was then inserted through the inguinal incision and internal ring and grasped 
the fatty' cord below the testicle Traction was made, and the testicle, epididy'mis, 
vas and veins were drawn out through the inguinal incision The cords were found 
to be sufficiently long to allow transplantation to the bottom of the scrotum Another 
finger then was inserted into the inguinal canal and turned downward so as to 
pass out through the external inguinal ling, which was thus greatly dilated, and on 
down into the scrotum until the lowest part of this had been reached 

This having been accomplished, an incision was made over the finger tip within 
the scrotum through its lateral wall The thigh was pushed up by' an orderly to 
a flexure of about 45 degrees, and an incision was made on its inner side opposite 
the scrotal incision The fascia lata was exposed The fatty' cord, which was still 
attached to the testicle, was then caught and drawm down through the external ring 
into the depth of the scrotum and out through the scrotal incision No difficulty 
was experienced m approximating the fatty cord to the fascia lata with sutures of 
chromic catgut This held the testicle in the low r est portion of the scrotum, which 
was then sutured to the edges of the incision in the thigh wuth catgut On the left 
bide the technic was similai to that already described 

Three weeks later a second operation was done The scrotum was liberated 
from the thigh on each side by' dividing the anastomosed skin and the fatty' cord 
which ran from the testicle to the fascia lata The scrotal incision w'as closed on 
each side with interrupted sutuies of fine silver wire The incisions in the thigh 
were similarly approximated 

Young stresses the value of the intra-abdominal operation m facilitating the 
treeing of the testicle and its coids and the satisfactory performance of orclndopexy 
He believes that when cryptorchidism is mtraperitoneal on both sides the operation 
carried out through a nndline abdominal incision with extraperitoneal exposure 
and freeing of the testicle offers manifold advantages He beheees that the same 

50 \ oung, H H \n Intra-Abdomiml Operation lor Cr\ptorchidism Tr \m \ 
Genito-Unn Surgeons 35 115-119, 1942 
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technic would also be satisfactory even for cryptorchid testes much lower within 
the abdomen, as the intra-abdominal extraperitoneal exposure of the gonad and 
cords gives a fai better chance to free the restricting bands without injuring the 
vascular supply In a good many cases Young has employed flexion of the thigh 
to avoid too great tension on the cord after the modified Torek operation After 
two weeks the pillows are removed from beneath the knees and the thighs straight- 
ened out The patient is out of bed at the end of the third week Extension and 
flexion of the thighs are usually carried out to increase the low position of the trans- 
planted testicle This swinging motion of the lower extremity, with the patient 
in the standing position, is carried out several times daily until the time when 
the scrotum is detached from the thigh 

Lapm, Klein and Goldman 61 report on 200 boys treated m their endocrine 
clinic for cryptorchidism in the last nine years Thirty-nine were given endocrine 
treatment and followed from two to nine years Apparent success in 14 cases 
(35 9 per cent) is reduced to success in only 6 cases (15 3 per cent) by the 
omission of cases in which tieatment was not given, cases in which descent of 
the testis was only partial and cases m which hypogonadism ensued, in 1 of 
which there is complete azoospermia In 11 cases in which endocrine treatment 
failed powdered sterile chorionic gonadotropin was implanted or operation was 
performed, or both 

Conclusions reached from these cases and a study of the literature are as 
follows Treatment of cryptorchid testes is advisable to relieve the deficiency of 
formation of androgenic hormone and of spermatogemc activity and the psychologic 
handicap, provided a procedure is adopted to minimize the dangers of pubertas 
precox, of osseous retardation and of testicular atrophy The optimal age for 
treatment is 14 years A preliminary test of endocrine therapy is fully justified m 
any case of cryptorchid testes not clearly ectopic Chorionic gonadotropin is the 
only substance free of theoretic objections The maximal amount of chorionic 
gonadotropin given should not greatly exceed 6,000 international units This 
amount should be given in small, frequent doses over a six week period without 
any rest inters al 

If cryptorchid testes do not descend after the administration of 6,000 inter- 
national units of chorionic gonadotropin in a six week trial period, operation 
should be immediate, and further gonadotropin can be given after the testis is 
embedded in the scrotum 

Ectopic testes should benefit from a similar preoperative and postoperative 
administration of chorionic gonadotropin, except when complicated by a substantial 
inguinal hernia 

TUMOR or THE EPIDIDYMIS AND TUNICA VAGINALIS 

Mackay presents 2 cases of tumors involving the tunica vaginalis and cpi- 
didjmis In reviewing the literature, similar cases were found to have been reported 
and classified as instances of cavernous 1) mphangioma, adenoma and carcinoma 
In 1 of MacKaj’s cases the tumor had been present for twenty-two years, and in 
the other, for three >ears It is his conviction that these tumors are mesotheliomas 
of the tunica -vaginalis derived from the cells lining the serous cavity and arc 
probably benign 

51 Lapin, T II Klein, \V , and Goldman, A Cr\ptorchidism, J Pediat 22 175 188 
(Feb) 1943 

52 MacLav, C H Tumors of the Epididvmis and Tunica Vaginalis Report of Two 
Cases J Urol 49 440-443 (March) 1943 
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VASITIS NODOSA 

Benjamin, Robertson and Cheetham •' 3 state that m most instances beading of 
the vas deferens has been associated with tuberculosis of the genital tract The}' 
have studied a case of nontuberculous beading of the vas unlike any observed m 
a search of the hteratuie and m a study of stained sections of many normal and 
pathologic vasa 

The patient had felt “lumpy” aieas m the cold, and he also noticed that these 
nodular aieas were tendei and enlarged after intercourse The vasa, on examina- 
tion, were interesting m that the beading or nodularity was not dissinnlai to that 
tound in tuberculosis The nodules were small, round, him and adherent to the 
vasal Avail They Avere approximate!}' half the diameter of a lead pencil As one 
gently passed one’s finger over them, one gained the impression that one could be 
teeling hemispheres of tiny glass beads The nodules Avere larger and more 
numerous as one approached the epididymis The epididymides and testes Avere 
normal Cystoscopy revealed that the bladder, ureteral 01 lfices and prostatic urethra 
Avere normal 

With the patient under pentothal sodium anesthesia an incision Avas made ovei 
the left spermatic cord The tissues about the vas deferens Avere firmly adherent to 
it, indicating perivasitis The vas Avas then freed from the epididymis to the 
external inguinal ring The surface of the vas showed man} small, grayish Avhite, 
finnly fixed nodules, Avhich A'aried in size The epididymis and testis Aveie normal 
A small piece of the vas deferens neai the epididymis containing several palpable 
nodules Avas removed for study A frozen section did not show' any evidence of 
a tuberculous lesion An end to end anastomosis of the A'as Avas earned out 
chromic catgut 000 being used in an atraumatic needle The pathologic report on 
the gross specimen stated that the left vasal wall Avas thickened and that the tissues 
about it Avere firmly adherent The fiozen section shoAved Avhat appeared to be 
epithelial lined spaces, some containing spermatozoa and others none 

Benjamin, Robertson and Cheetham 53 discuss four possible etiologic factors — 
faulty deA'elopment, infection, diverticula and c\st formation Since the nodularity 
Avas associated AVith a definite inflammatory reaction, they suggest the term ‘S'asitis 
nodosa ” 

peyronie's disease 

Wesson 64 states that the nonvenei eal prostatitis of youth and the plastic mdui a- 
tion of later life are both due to the same Auolation of nature’s sex laivs 

A piolonged virulent inflammation of the urethra may result in Peyronie’s 
disease It may be fundamentally due to (1) heredity, (2) degeneratwe disease 
of middle or late life, (3) fibroplastic diathesis or (4) trauma “Internal trauma’ 
from piolonged ungratified sexual desires or external trauma from lack of proper 
sexual cooperation is the direct cause The approaching menopause AA'ith the con- 
comitant fngidity of the consort is probabh lndirecth the principal cause of plastic 
induration 

In the early stages of the disease, befoie the deposit of lime salts, diathermy, 
fortified b} disodium phosphate by mouth, mav not be a specific, but it is inex- 
pensne and harmless and keeps up the patient’s morale Without treatment the 
lesion may regress, but it usually adrances and ultimate!} imades the corpora 
caA'ernosa 


r . ^ benjamin J A , Robertson T D and Cheetham, T G Vasitis Nodosa A New 
Clinical I Lntit\ Simulating Tuberculosis of the Vas Deferens, J Urol 49 575-582 (April) 1943 

t t i ? Pe\ rome’s Disease (Plastic Induration) Cause and Treatment 
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Volavsec 55 leports 198 cases of plastic induration of the penis As a lesult ot 
observation of many cases, Volavsec believes this condition is due to a leaction 
of the connective tissue system to local hypertrophic and shrinking processes In 
addition to this, there are various irritative factors, such as mechanical trauma, 
atrophy and fibrosis of the lining membranes There is quite possibly a heieditaiy 
influence also m this condition, as m 4 6 per cent of all cases the induration asso- 
ciated with the digital defoinnty known as Dupuytren’s contracture, which unques- 
tionably is a hereditaiy oi familial disease In 34 per cent of the cases m which 
there was Dupuytren’s contracture theie was also plastic induration of the penis 
In a senes of cases in which radium was used, there was complete cme in 32 8 pei 
cent and paitial reduction of symptoms in 47 per cent, while in 20 pei cent the 
condition was not influenced at all In those cases in which calcification and 
ossification occur, Volavsec suggests surgical removal of the occlusions, although 
he admits that radium gives the most satisfactory lesults 

UROGRAPHY 

Pendergiass and his associates 58 record 26 deaths following the administration 
of contrast mediums in 661,800 instances (0 0039 pei cent) Ten of these deaths 
were classified as immediate and 16 as delayed Eleven fatalities have pieviously 
been reported Seven of these were immediate and 4 delayed 

The immediate deaths followed the intravenous injection of diodiast, and 
the majority were preceded by symptoms simulating those of anaphylactic shock, 
although the deaths may not have been due to an “anaphylactoid reaction ” Over- 
dosage may have been the cause of other deaths In the cases of delayed death 
the contrast medium had not been proved to be an etiologic factoi Toxic leactions 
may occur, especially among patients who have had previous lenal damage and 
i eduction of excretion of urea 

No immediate deaths have been reported following retrograde pyelogiapht 
with any of the contrast mediums 

Hypei sensitivity^ simulating anaphydactic shock was reported 77 times by ladiol- 
ogists and 55 times by' urologists These figures probably represent an exaggerated 
incidence, as Pendergrass and his associates believe that in several instances true 
shock had not occurred This type of reaction was reported from the diugs 
diodrast, diodrast compound, lopax, neoiopax and skiodan In many instances of 
true shock the physicians expressed the opinion that only the prompt administia- 
tion of epinephrine saved the patient’s life 

Many patients also showed nonfatal reactions, either local or general such as 
flushing, nausea, vomiting, urticaria (local or generalized), itching, venospasm, pam 
m the shoulder, sense of constriction in the lar\nx, phlebitis, unconsciousness 
(occasional), tetany' or cerebral irritations 

It is advised that contrast mediums are contraindicated for patients suffering 
from se\ere hepatic disorders, nephritis, exudative diathesis (in children) and 
severe uremia They' should be used with caution in cases of pulmonary tuber- 
culosis or of hyperthyroidism and in cases m which a reduction of blood pressure 
would be dangerous 

55 Volaesec W Zur Kenntms der Induratio penis plastica 7tscbr f lirol 35 173-178 
1941 

56 Pendergrass, E P , Chamberlin, G W , Godfrej, E \V , and Burdick, ED ' 
Sureea of Deaths and Lnfaiorablc Sequelae Following the Administration of Contrast Media 
Am T Roentgenol 48 741-762 (Dec) 1942 
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Deaths have followed the use of intiavenous contrast mediums for patients 
who had only one kidney On the othei hand, some observers with large experience 
state that they have never encountered any reactions among such patients Pendei - 
grass and his associates advise studying the chemical composition of the blood 
before subjecting these patients to intravenous injections of contrast mediums 
Caution should be observed in dealing with patients who have had repeated 
injections of contrast mediums Many injections have been done without mishap, 
but some have resulted in severe reactions at later injections 

Pendergrass and his associates believe that contrast mediums should not be 
withheld in cases of hypertension unless there is evidence of seveie renal damage 
No patients who have significantly impaired renal function should be accepted 
for intravenous pyelograms, and no more than a single injection of 50 cc of 70 per 
cent solution of diodiast should be given to a patient on any day 

Administration of solution of epmephnne hj drochlonde (1 1,000) in a dose 
of from 0 3 to 0 5 cc is ofteied as a prophylactic measure immediately before 
injection of the contrast medium is begun for patients gnung a history of allergy 
It is advised that when taking a history of allergy one should ask specifically about 
asthma, hay fever, rose cold, sensitivity to drugs and eczema in childhood The 
history should include not only that of the patient but that of his family Pender- 
grass and his associates state that Kern believes that the patch test may be the most 
reliable of the various methods but the mouth test may also warn of sensitivit) 
Since some of the reactions occur eighteen hours after the test and since it is more 
convenient, it is advisable to make the test the day before urographic stud) The 
mtradermal test has been used extensively, but the conjunctival test has been 
preferred by some According to the literature, some think the mtradermal test 
of value but others believe it is of no help Apparently the conjunctival test is 
harmless, and it may reveal extreme sensitivity 

Tzschirntsch 07 discusses injuries following retrograde pyelography, with par- 
ticular attention to the damage of the renal parenchyma caused b) exeiting high 
pressure on the renal pelvis and the injury to the renal mucosa produced by either 
corrosion of the surface layer or absorption of the medium itself The most common 
and the most provable roentgenologically is the definite damage of the renal pelvis 
and calices by trauma from the ureteral catheter 
- Tzschirntsch describes 2 cases m which damage to the kidnej occuired after 
the introduction of the catheter, proved in both instances by roentgenologic exami- 
nation and surgical exploiation In both cases there was a perforation of the mucosa 
of the calices with deposition of contrast medium m the renal parenchyma In 
1 case there was great destruction of tissue with later sclerosis of the involved 
region In the othei complete resoiption of the material occurred but renal stones 
developed several years later In each case there were the same symptoms — shaip 
pam at the time of injection of a small amount of medium and serious renal 
symptoms foi several days afterward 

Tzschirntsch states that perforation of this kind can be avoided by using the 
catheter without a stylet The ureteral catheter should be inserted only into the 
lowest part of the pelvis The length of the catheter inserted should be controlled 
by v atchmg the scale of markings on the catheter and the rate of dripping of urme 
trom the ureteral catheter 

57 Tzschirntsch, K Die instrumentelle Schadigung der Nieren durch die retrograde 
Pyelognphie, Ztschr f Urol 35 69-77, 1941 
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SULFONAMIDE AND PENICILLIN THERAPY 

Strauss and Giunstein 58 report a stud}' of 615 hospitalized gonorrheal patients 
which shows that 60 grains (4 Gm ) of sulfathiazole daily for one week gave an 
apparent cure late of 95 per cent The administration of sulfathiazole or sulfa- 
pyridine to the patients not cured by the fust course of treatment increased this 
rate to 98 9 per cent 

It must be determined whether the criteria of cuie employed are sufficient to 
msui e protection of the public against further infection The difficulty of detecting 
the asymptomatic cainei cannot be emphasized too strongly A prostitute, although 
treated, remains potentially infectious for approximately three months, during which 
time, if at large, she is a source of infection and as such forfeits her right to the 
benefit of doubt The cuie of an infected prostitute requires adequate compulsoiy 
hospitalization Repeated offendeis should be interned for the duration and 
compelled to aid in the war effort If the law now does not adequately remove 
this public health hazard, as it does with most contagion, remedial statutes should 
be enacted at once toward that end If the state can call on a man for his life in 
this grave emergency, surely the common welfare demands that the “right” of an 
infected prostitute to be at liberty while still infectious be disallowed, at least foi 
the duration of the war 

Herrell, Cook and Thompson 89 have studied experimentally the antibactenal 
activity of penicillin against several strains of Neisseria gonorrhoeae isolated from 
patients in whom the infection was completely resistant to adequate treatment with 
sulfonamide preparations These strains of organisms are inhibited completely in 
fairly high dilutions of an active form of penicillin Bactenal cultures reveal that 
the number of organisms is decreased greatly at the end of one or two hours’ 
contact with penicillin Between the second and third or the third and fourth 
houis of contact with penicillin no viable organisms were found This experimental 
evidence immediately suggests that penicillin should prove effective in the treat- 
ment of clinical infections due to these bactena that are resistant to sulfonamide 
compounds 

The complete absence of toxicity following the intravenous administration of 
pyiogen-free penicillin, the lack of any discomfort to the patient and the rather 
rapid disappearance of clinical symptoms have been observed in 3 cases of sulfon- 
amide-resistant gonorrheal infections Because of the limited amounts of penicillin 
available, penicillin tlierap} should be reserved and studied further in those cases 
in v hich the infection is resistant to the accepted forms of treatment now being used 
In all the cases reported, in addition to the clinical response noted, negative bacterial 
cultures were obtained some time between seventeen and forty-eight hours after 
the institution of penicillin therap} 

Barnes and Kaw aichi 00 state that the most important factors influencing the 
formation of urinar) concretions of sulfonamide compounds are (1) concen- 
tration of the drug m the urine, which may be reduced by decreasing the dose and 
increasing the fluid intake, (2) degree of acetylation of the sulfonamide compound, 
which cannot be influenced b} extrinsic means, (3) urinar} stasis, which is o\er- 

5S Straus^ H, and Grunstein, I Sulfathiazole Thcrapj of I~ne Hundred Prostitutes 
•with Chronic Gonorrhea The Control of \ cnercal Disease in Wartime, JAMA 121 
1187-1100 (April 10) 1943 

59 Herrell W E Cook, E N , and Thompson, L Use of Penicillin in Sulfonamide 
Resistant Gonorrheal Imcctions J 4 If \ 122 289-292 Ofaj 29) 1943 

60 Bame= R. W , and Kav aichi G K Factors Influencing the Formation of Suhonamidc 
Urmarx Concretions 1 Lrol 49 324-330 (Tcb ) 1943 
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come by establishing and maintaining fiee drainage, (4) p n of the urine, -which 
may be adjusted, (5) temperatuie, which may be elevated 

Barnes and Kawaichi’s experimental work shows that as the /> H of the mine 
is increased and the tempeiature of the urine elevated, the solubility of sulfa- 
thiazole and sulfadiazine is heightened This lange is from a concentration of 
sulfathiazole of 78 1 mg per hundred cubic centimeters at a p n oi 5 0 and 
tempeiature of 78 8 F to a concentration of 250 0 mg pei hundred cubic centi- 
meters at a p K of 8 0 and temperature of 105 0 F The range foi sulfadiazine is 
from 69 6 to 1704 mg per hundred cubic centimeters The danger fiom con- 
cietions of sulfonamide compounds can be reduced by rendering the mine more 
alkaline and by elevating the temperature Anuria from sulfonamide concietions 
occurs much more frequently in the Oriental than in the white lace, the leason foi 
this is not known 

Jeck and Orkin 61 state that therapeutic enthusiasm foi the use of sulfonamide 
preparations has often been tempeied by the accompaniment of a disturbingly high 
incidence of toxic leactions and foimation of calculi in the unnary tract, with or 
without anuria Pharmacologic investigation has shown the leadiness with which 
the free form of sulfadiazine is concentrated in the blood, its comparativefr slow 
excretion and its greater solubility in the urine Sulfadiazine is regarded by many 
physicians as innocuous, and chiefly for that leason it is consideied the ideal drug 
of the sulfonamide group On the othei hand, sulfadiazine, like its relatives having 
the radical of the parent compound, may under certain circumstances cause toxic 
leactions, and such leactions occasionally are severe 

In experiments on the albino rat, the toxicity of sulfadiazine was investigated 
with especial leference to renal lesions A strikingly high incidence of renal damage 
was found after the injection of fatal doses of sodium sulfadiazine, which was 
explained as due to the poor solubility of the free drug, w Inch may be precipitated 
in the convoluted renal tubules Because of the poor solubility of sulfadiazine, 
obstiuction of the kidney by the precipitation of this compound may be of long 
duration and may lead to a severe calcifying nephiosis These findings indicate that 
the tendency for the retention of the free sulfadiazine in the circulation increases 
with impairment of renal function and do not suggest that renal damage will be 
less likely to occur from the use of sulfadiazine than from the other sulfonamide 
compounds, as has been hitherto reported 

The more recent clinical reviews of sulfadiazine in tieatment of pneumonia have 
shown a greater frequency of the toxic renal effects than was at fii st lepoited 

During the past six months at Bellevue Hospital, sulfadiazine has been used 
extensively, supplanting sulfathiazole in the treatment of pneumonia The clinical 
results have been in large measure excellent, but the urologic service has been 
called into frequent consultation because of the complications which have followed 
its administration Jeck and Orkin have observed more than 35 cases m which 
ciystals of acetylsulfadiazine w r ere found m the urine, but apart from an occasional 
mild colic and microscopic hematuria the patients soon recovered completeh It 
should be remembered, bow'ever, that crystals aie of no particular significance 
except in freshly voided w T arm urine Jeck and Orkin ha\e been more concerned 
over 10 patients (seen in consultation by the urologic service), all of whom had 
severe toxic reactions following the use of the drug Se\en of these patients 
i ecovered , 3 died 

61 Jeck, H S, and Orkin, L A Toxic Renal Reactions Following the Use ot Sulfa- 
diazine, Tr Am A Genito-Unn Surgeons 35 1-14, 1942 
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In the anah sis of these 10 cases, which are reported in detail, Jeck and Orhin’s 
chief objective has been not to determine the relative frequency of severe toxic 
reactions following the use of sulfadiazine but merely to report that they do occur 
In this senes the drug was used in the treatment of 5 men and 5 women, the ages 
varied between 52 and 93 years , the clinical diagnosis in 9 cases was broncho- 
pneumonia or lobar pneumonia and m 1 case fracture of the femur In all cases 
theie vas associated arteriosclerotic heart disease, with varying degrees of con- 
gestive failuie 

The route of administration of the drug in all cases was oral, although in 2 cases 
intravenous administration was also employed One patient received 32 Gm of 
sulfathiazole before sulfadiazine was given The initial dose, as a rule, was 2 Gm 
followed by 1 Gm every four hours The time of onset of the major toxic 
symptoms varied from thiee to twenty-one days, and in 2 instances they appealed 
three and five days after the discontinuance of administration of the drug because 
of minor toxic symptoms The total amount of drug administered up to the time 
of appeal ance of the symptoms varied from 12 to 128 Gm This would seem to 
indicate that severe, and even fatal, reactions might occur with as little as 12 Gm 
m as shoit a time as three days A study of the intake of fluid and urinary output 
in this series would perhaps indicate that in most cases sufficient attention was 
not given to these features It is of vital importance to force fluids to 2,000 cc 
throughout the administration of the drug, and to note carefully the urinary out- 
put, so that it will not be allowed to fall appreciably Two of the patients showed 
an elevated nonprotein nitrogen content on admission, and m all cases there was 
definite elevation of the nonprotein nitrogen at the toxic point, the values varying 
from 40 to 180 mg per hundred cubic centimeters The recorded concentrations 
of sulfadiazine in the blood varied from 12 2 to 32 2 mg 

It is interesting to note that the patient having a blood sulfadiazine level of 
12 2 mg per hundred cubic centimeters and a nonprotein nitrogen content of 64 mg 
died in anuria, while the patient with a sulfadiazine level of 23 2 mg and a non- 
protein mtiogen content of 180 mg (the highest m the series) recovered 

The treatment employed in those cases in which there was anuria or suppression 
gioss hematuna or increasing uremia was to stop administration of the drug at 
once That concretions may exist without blocking the ureters has been demon- 
strated by many investigators Under these circumstances the treatment of 
hematuria due to sulfadiazine by means of forcing fluids alone seemed adequate 
since there is evidence that the concretions may be dissolved or washed out If, 
howeier, complete anuiia or suppression occurred or if the possibility of a uni- 
lateral obstruction seemed evident, cystoscopic examination was done at once Both 
ureters were cathetenzed, and the catheters were left in place and irrigated e\erv 
hour or two for at least two to three days In most cases in which the obstruction 
had been o\ ercome, adequate drainage established and fluids forced, the blood level 
and nonprotein nitrogen content fell and the patient recovered 

In those cases in w'hich there is even the slightest question of obstruction due 
to calculi or crystals in the urinarj tract (especially m the ureters), cystoscopy and 
probabl} ureteral catheterization should be performed without any hesitation 

Satterthw aite c: states that sulfadiazine has a lower toxicity than other sulfon- 
amide compounds in common use, but it also exhibits a characteristic pattern of 
toxic reactions He presents an anah sis of 5S toxic reactions occurring m a series 

62 Satterthwaitc, R. W Sulfadiazine Reactions Their Frequcnc\ and Treatment in 
Urological Cases, J Lrol 49 302-315 (Feb ) 1943 
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of 500 cases (11 6 per cent) All of these toxic reactions yielded promptly to 
treatment, which usually consisted ot stopping use of the drug and foicing fluids 
The toxic reactions were usually multiple and were as follows temperature 
reactions, 12 cases, conjunctivitis, 3, arthritic pain, 3, severe anoiexia, 2, itch- 
ing, 2, dizziness, 4, severe disonentation, 6, severe nausea, 16, severe nausea and 
vomiting, 5, headache, 11, dermatitis, 4, hematuna, with or without urinary 
concretions and renal colic, 6, leukopenia, 19, and partial suppression of the 
urinary output, 2 

Toxic leactions aie prevented by moderate dosage, limiting the duration of 
therapy, close observation of the blood level of sulfadiazine, especially when the 
lenal function is impaired, and a careful check of the leukocyte count at least every 
third day throughout the duration of treatment Leukopenia, the most severe 
reaction observed with sulfadiazine therapy, develops not earlier than the third day 
and usually in the second week of tieatment Giving the patients a printed set of 
precautions to observe has reduced the incidence of toxic reactions 
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ACXDEMX OF ORTHOP \EDIC SURGEON'S 

XVI CONDITIONS INVOI VING TILL IIIP JOINT 

Mai shall 433 presents a nonoperative therapy foi tubeiculous and othei low 
grade inflammatory diseases of the hip joint He believes that w hen theie is 
1 oentgenologic ewdence of disease eithei m the acetabulum or in the head ot the 
femur the tendency to aim at ankylosis is wrong During a ten year penod he 
treated this type of infection of the hip m accordance with Rollier’s method The 
general pi maple of the treatment is lest and immobilization during the acute stage 
of the disease, followed by giadual lesumption of movements with suppoit In 
cases in which eiosion of the acetabulum or the femoial head develops, ti action is 
continued foi eighteen months to two jeais, with roentgen examinations at six 
month intervals Weight bearing is then permitted, an appliance being used which 
is a Thomas type of walking cahpei fitted to a pelvic belt of celluloid to which is 
fastened a metal plate noth an attached spring which exerts an abducting foice 
and controls lotation A coirective diet high m vitamin and calories is maintained 
plus solar ray irradiation Fourteen cases are presented in detail, all of low guide 
tubeiculous oi nonpyogenic processes Good functional results aie lepoited 
Milch 434 describes an apparatus for measmement of the degree of contiaclme 
of the hip The authoi criticizes the piesent piactice of placing the patient in a 
supine position and flexing the unaffected leg until, in the opinion of the examiner 
the lumbar curve is obhteiated He shows that the amount of extension ot the 
lup depends on the forward tilt of the pelvis, w’hich, in turn, depends on the lelative 
length of the pelvifemoral ligaments and on the lordosis of the lumbar poition ot 
the spine The author has devised a flexible metal device to fit along the uppei 
edge of the Nelaton area, with a bar to run reitically dowm the thigh 1 he patient 
is measured in the upright position 

In a preliminary report Baker and Waters 13, piesent their experiences with 
\ Pallium cup arthroplasty of the hip for ankjlosis, based on a study of end lcsults 
in 15 patients, 3 of wdiom had bilateial operations Fne of the patients weie 
women, and 10, men Most of the patients w r ere in their third or fouith decade 
The follow-up period ranged from eight to fourteen months Grading ot end 
results was determined by the extent of functional recoeery and, m particular, 
b) ei aluation of the patient’s subjective reaction to his result Little if am corre- 
lation was found between the cause of the ankylosis and the type of end lesult 
There was noticed in man} of the hips a tendenc} to resume the typical abduction- 
flexion deformit}, with progressne reduction in the immediate postopeiatne 
mobiht} Stressed are the needs for an adequate period of hospitalization and 
for intelligent cooperation in after-treatment The operation is thought particu- 
larh profitable to bedridden and badh crippled persons Because of the relutneh 
small number of cases the authors do not feel justified in drawing definite con- 
clusions 

433 Marshall D \ Treatment ot Coxitis J Bone & Joint Sum 24 169-184 (Ja n 1 1942 

434 Milch H Pclufcmoral Antflc Determination of Hip-Flexioii Dcformitt, J Bone & 
Joint Surg 24 148-153 (Jan ) 1942 

435 Baker I- D and Maters C H Jr A italliuin Cup Arthroplasti of Hip xrcb 
Sum 44 531-542 (March) 1942 
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A new opeiation, femoroischial transplantation, is piesented by Bosworth 431 
It is designed to secure stability of the hip and arrest of disease through bom 
fusion in conditions in which the head and the neck of the femur have been exten- 
sively destroyed, and as a result the use of standard methods for obtaining fusion 
is piecluded Statistical data of 9 tuberculous patients on whom the operation 
was pei formed are given in detail The operation consists of an oblique osteotoni) 
of the femoral shaft m the subtrochanteric region and placing of the proximal 
end of the distal poition mto a denuded bed m the lateral aspect of the ischium 
In the piesence of sinuses, a preliminary operation eradicating the diseased portion 
of the hip is often indicated The functional, cosmetic and weight-bearing lesults 
do not differ materially from the result of fusion of the lnp joint proper 

A series of 71 surgically tieated adult patients with painful hips caused by 
hypertiophic changes were reviewed by Ghormley and Coventry 43 ' Comparison 
was made between this series of patients tieated from 1938 to 1940, inclusively, 
and an earlier similar series of 77 patients treated suigically, leported by Henderson 
and Pollock of the same clinic during a previous ten year period Notable in 
the comparison have been the following trends (1) to abandon manipulation, 
(2) to decrease the number of drilling operations, (3) practical]) to abandon 
cheilotomy, (4) to decrease the number of leconstruction operations, (5) to 
increase the use of acetabuloplasty , (6) to increase the numbei of aithiodeses, 
and (7) to increase the use of arthroplasty 

The authors caiefully stated that they do not mean to convey the idea that 
tieatment in all such cases of painful hips should be surgical It is their opinion 
that surgical treatment holds more promise of improvement or relief m properly 
selected cases than does conservative treatment They support their contention 
by comparing surgical results with results in a fairly comparable parallel series 
of 116 cases they observed from 1938 to 1940, inclusive, m which the usual 
conservative measuies were used Their experience indicates that relief of pain 
is most certain to be obtained by arthrodesis, though they pointed out its contra- 
indications in bilateial involvement and in arthutis of the lumbar portion of the 
spine 

Hark 43s piesents a lesume of the modern methods of treating separation of 
the uppei femoral epiphysis He divides treatment into two classes, closed manipu- 
lation and suigical reduction He notes that the roentgen examination may decene 
the physician if internal rotation is carried too far With minimal displacement, 
he piefers to drill or to wire the epiphysial line and allows five months for com- 
plete fusion With moderate displacement of the head, he advises subtrochantei ic 
osteotomy through an anterior or a lateral incision, followed by immobilization, 
■with the leg in abduction and internal rotation For severe displacements, the 
author lecommends that an open operation be done, with repositioning of the 
femoral head, held m place by some metal fixation, such as a wire a Snnth- 

Peteisen nail or a bone graft A fixed traction cast is then applied until the 

healing is complete 

In convalescence, if roentgenologic evidence show s that healing has taken 
place and that no necrosis of the head has occurred, actne exercise is allowed 
and the heel of the w r ell leg is elevated Weight bearing is not allowed for a 

icai and the well hip is ahvays carefully obsened to discoaer whether a similar 

piocess is beginning there 

4->6 Bosvorth, D M Femoro-Isclual Transplantation J Bone & Toint Surs 24 38-4fi 
(Tan ) 1942 

437 Ghormlct, R K and Cotentrv M B Surgical Treatment of Paimul Hip* of Adults 
T Bcme & Joint Surg 24 424-42S (April) 1942 

4iS Hark F W Treatment ot Separation of Upper Femoral EpipTn 'is S Clin Forth 
\nunca 22 119-134 (Teh) 1942 
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Lipscomb and Chatterton 430 piesent repoits ot 5 cases of mvohement of the 
acetabular centers of ossification in young patients In 3 of these cases there 
were acetabular changes without involvement of the femoral head and in 2 acetabu- 
lar changes with involvement of the adjacent head of the femur 

These authors review the anatomic features of the hip area as well as the 
structure, embryologic aspects and development of the centers of ossification 
They believe that the disturbance seemed to have been in the pnmaiy centers 
and that, since the superior or weight-bearing surface of the acetabulum v\as 
chiefly involved, the iliac centei appeared most likely to be affected 

Milch 440 discusses in detail the various mechanical factoi s involv ed m pei - 
foinung an osteotomy of the upper part of the femur He describes an “abduction 
osteotometer,” with which the pelvis, hip joints and femuis may be simulated, 
with any degiee of deformity, through the use of which the osteotomj may be 
accurately planned, and the most desirable level and angle determined foi lestora- 
tion of the mechanical axis of the femui 

Reed and Sosman 441 bnefly review the usual data in Gaucher’s disease and 
report in detail an atypical case of this unusual condition Their patient had 
been subjected to two operations aftei a diagnosis of osteomyelitis, which must 
always be differentiated, but was unlike the usual picture in that the spleen could 
not be palpated, although roentgen examination revealed it to be enlarged 
Roentgen examinations were suggestive but not typical of this disease, and biopsy 
of a specimen of bone was necessaiy to prove the presence of Gauchei cells, no 
evidence could be found of the piesence of the disease by careful roentgen exami- 
nations of 7 othei members of the patient’s immediate family 

Schein and Arkin 442 stress the impol tance of early recognition of in\ olvement 
of the hip joint during childhood m patients with Gaucher’s disease The authois 
report 8 cases in which the pathologic processes were noted out of 19 verified 
cases of Gaucher’s disease The skeletal changes aie attributed to the mfilliation 
and the leplacement of trabeculae of the bone by kerasin-beanng reticulum cells 
These lesions appear on roentgenogiams as translucent or more ladiotianspaient 
areas and account for the characteristic mottling In children the lesion appaientlv 
resembles chronic osteomj elitis, tubeiculous coxitis and Legg-Peithes disease 
In the adult the involvement takes the form of considerable coxa vaia detoimity 
with variable degrees of osteoarthritis 

The authors believe that when the involvement of the hip is noted during 
childhood conservativ e therapy in the form of rest and immobilization of the 
affected leg is in order, since a condition rather similar to Legg’s disease exists 
In 2 cases favorable results are repoited to have followed conservative theiapj 

Zimmerman, 443 serving as a medical examiner m the Medical Corps of the 
United States Arm}, has found that 3 of 5 men examined have a tilt of the 
pelvis, with or without scoliosis About a fourth of this group complain ot vague 
pains in the hip aggravated b} activity or b} changes in the weather He believes 
that such a common deformit} rests on a postural basis and suggests that observa- 
tions be carried out on these men in varying periods of physical training to deter- 
mine whether sjmptoms are increased or whether the tilt corrects itself 

439 Lipscomb P R and Chatterton, C C Osteochondritis Juvenilis of Acetabulum 
J Bone 5. Joint Surg 24 372-381 (April) 1942 

440 Milch, H Abduction Osteotometer, J Bone & Joint Surg 24 359-366 (April) 1942 

441 Reed J and Socman M C Gaucher’s Disease Radiologj 38 579-583 (Ma>) 1942 

442 Schein A J and Arlan, A M Hip Joint Involvement in Gaucher’s Disease, T Bone 
& Joint Surg 24 3^6-410 (April) 1942 

443 Zimmerman L E Tilted Pelvis War Med 2 465 (Mai) 1942 
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Caamano 444 reports 4 cases of traumatic dislocation of the hip in children 
aged 3J4, 7, 10 and 13 years respectively The function of the ischiocapsulai 
ligament is discussed, and the dislocations are divided into two large groups, those 
with integrity of this ligament, oi regulai dislocations, and those in which the 
ligament has been destroyed, or irregular dislocations In the regulai dislocations 
one has to distinguish between posterior luxations and anterioi luxations In the 
irregular dislocations the following types are noted (a) the anterioi oblique 
dislocation of Bigelow, (b) the subpubic luxation (the head resting on the llio- 
pectineal prominence), (c) the posterior and high dislocation known as the 
Monteggia type, (d) the permeal luxation, and (e) the sciatic luxation The 
incidence of the vaiious types of luxation is discussed, and it is pointed out that 
the posterior luxation is the most common The 4 cases reported were of pos- 
terior iliac dislocations Complications of traumatic dislocation of the hip are 
listed as follows (1) retention of urine, particularly with pubic luxations, (2) 
partial fractures, (3) neural lesions, and (4) compression of the nerves, which 
may cause fatal reflex syncope Treatment is outlined, and prognosis is discussed 

Allhoff 445 presents a review of coxa vara and discusses constitutional defi- 
ciencies, trauma and accumulation of minor injuries as possible causes of the disease 
Findings indicating a constitutional origin include bilateral involvement, tamilial 
incidence, appearance of the symptoms at the age of puberty and predominance of 
types with visible signs of endocrine disturbance Caution is uiged against making 
a diagnosis of epiphysial separation, as this may lead to premature use of the limb 

The author reports 4 cases of coxa vara epiphysana In 3 cases pam in the 
hip or the knee had been complained of weeks oi even months before the accident 
deemed responsible occurred In 2 cases there resulted a complete sepaiation of 
the head of the femui in the epiphysial line In 1 case in which theie was prompt 
treatment the progress of the disease w'as halted In this case it was noted that 
the mother of the patient had limped since childhood The roentgenogi am taken 
of thq mother showed a beveled-off femoral head with shortening and with varus 
position of the femoral neck Endocrine disturbance w'as demonstrable in 2 cases 

wrr CONDITIONS INVOLVING THE ELBOW', TOREARM, W'RIST AND HAND 
PREPARED m WAITER P BLOUNT, MD, MILW \UKEE 

Developmental Anomalies — Persistence of the olecianon epiplwsis m adults is 
descnbed by O’Donoghue and Sell 440 A case is reported m which attention w r as 
called to the condition by injury on one side The lesion w r as found to be bilateral 
The difference betw'een this lesion and patella cubiti is restated according to Kohler 
The true patella must be embrjonic m origin, completely isolated, articulating and 
mobile 

Habbe 447 reports 4 cases of patella cubiti in which the lesion is umlateial The 
fiist 2 cases satisfy Kohler’s othei cntena In the third case, trauma w r as the chief, 
if not the only, factor causing separation of the olecranon epiphjsis in childhood 
In the fourth case there w'as a definite trauma at 8 or 9 )ears of age associated 
w ith a “bump” on the elbow' after that tune With a new' injur)' fifteen \ ears later 

•144 Cvumfio, A Traumatic Luxations m Children with Report ot Cases, Semana med 
1 1450-1457 (June 19) 1941 

44? Allhoff, E Etiologx and Pathogenesis of Coxa Vara Epiph>saria, 7entra!bl f Chir 
68 1578-1581 ( Vug 16) 1941 

446 O’Donoghue, D H, and Sell I S Persistent Olecranon Epiplnsis m Adults T 
Bone 8. Toint Surg 24 940-941 (Oct ) 1942 

447 Habbe, T E Patella Cubiti Report ot Tour Cases, Am T Roentgenol 48 513- 
526 (Oct ) 1942 
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theie v, ere pain, weakness and swelling Roentgen examination showed sepaiation 
of the olecranon The roentgenograms in this case weie similar in appearance 
to those in the case of O’Donoghue and Sell 

[Ed Note — One cannot always clearly differentiate between a peisistent 
epiphysis and an accessory bone of congenital origin on the one hand and an old 
traumatic separation of the epiphysis during childhood on the othei Theie is 
consideiable medicolegal significance in the existence of an abnormal bone pnor 
to trauma In Habbe’s first case, limited extension and pain gradually became dis- 
abling One of us (W P B ) excised the accessory bone and reattached the 
triceps tendon to the ulna with complete restoration of function ] 

A case of bilateial os epitriquetrum was discovered in the dissecting room by 
Saunders, 418 and a study was made of this lare anomalous ossicle of the wrist 
The largei bone had a maximum anteroposterior length of 6 mm Both bones 
were wedged between the triquetrum, lunate, hamate and capitate bones The 
accessory ossicles were attached to the palmai carpal ligaments They were 
apparently congenital in origin 

V olkmann’s Ischemic Conti actinc — Foisie 140 summarizes the growing con- 
viction that ischemic contracture of the foreaim has no essential connection with 
supracondylar fracture of the humerus or any specific injury It is the lesult of 
ischemic infarction pioduced by segmentary arterial spasm of the mam arteiy to 
the extremity with reflex spasm of the collateral circulation In the lesultmg 
subtotal ischemia, the muscle bellies aie most vulneiable and are first affected The 
vasomotoi activity is under the control of the sympathetic nervous system In 30 
cases from the liteiature in which an operation was pei formed, a stnnglikc 
constriction of the brachial artery about 2 cm above its bifurcation was found at 
operation The writer emphasizes the fact that spasm of this aiteiy alone is not 
dangerous but that when combined with spasm of the collateial circulation it 
produces Volkmann’s ischemia 

Treatment b) ganglion block is recommended If this fails, aiterectomy 'of the 
constricted portion is preferable to penartenal sympathectomy, because it is easiei 
to do and removes an artery which may be damaged and capable of continuous 
abnormal sensory stimuli 

Horwitz 450 reports experimental work which dispioecs the suggested nnpoi- 
tance of venous obstruction in producing this svnehome 

[Ed Note — It is a clinical fact that with supracondylar fiactures of the elbow 
m children dangerous arterial spasm is lare Obliteration of the radial pulse is 
common Faulty reduction, excessive flexion and tight bandaging may combine 
with swelling to impair the collateral circulation Enthusiasm for periarterial 
sy mpathectomy , must not blind one to the fact that ischemic contracture can usually 
be presented by r releasing constricting dressings, suspending the forearm with the 
elbow flexed to 90 degrees and applying external heat If conservative mcasuics 
fail prompt arterectomy should certainly be performed either with or without 
longitudinal diwsion of the fascia of the forearm ] 

Tendon Ruptures About the Elbow — A new case of avulsion of the biceps 
tendon is added to the literature by Hook and Mazet 4:11 By lcpairing the injun 

44S Saunders, El dc C M Os Epipln ranus or Epitriquetrum, Amt Rcc 84 17-22 
(Sept 25) 1942 

449 Toisie P S \ olkmann s Ischemic Contracture '\nahsis of Its Proximate Mccha 
nism Xcw England J Med 226 671-079 ( \pril 21) 1942 

450 Horuitr T Significance ol \ cnous Circulation About Elbow m Pathoinichanics 
of Yolkmanns Contracture Surg G\nec & Obst 74 871-875 ( \pril) 1942 

451 Hook r R and Marct R Jr \\ulsion ol Biceps Tendon from Its Radial In cr 
tion Rcnort oi a Ca- L S \a\ M Pull 40 409-411 ( \pril) 1942 
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ptomptly, they were able to suture the tendon to the' radial tubercle with heavj 
silk Recoveiy was prompt Hanisa 452 reports a case of bilateral rupture m which 
surgical lepair was refused Seven months after the accident, slight weakness m 
supination and 25 per cent reduction in flexion weie the chief disabilities There 
was no pain 

[Ed Note — Prompt operation has m past cases as well as in the present case 
enabled the surgeon to replace the tendon Hamsa’s obseivation suggests the 
advisability at times of conservative handling of the neglected injury ] 

Coimbia and Andrade Faria 453 leport a case of partial lupture of the biceps 
tendon Opeiative repair was not attempted 

Lesions of the Tendons — Tenosynowtis is reported from tw'o arm} camps in 
England Flowerdew and Bode 41,4 observed 16 such cases m a few' months 
Twelve patients (out of 52 so employed) weie men doing farm woik to which 
they weie unaccustomed Of the 16 men, 14 did office or similar woik before 
then enlistment In all of the cases theie was involvement of the extensor 
digitomm communis and in most cases also of the extensor carpi radiahs longus 
Theie w'ere swelling and tenderness along the tendon with pain and crepitation 
on movement 

When an infantiy division w'as put to harvesting grain, Poznei 455 reported 
7 men disabled with tenos) novitis, 4 partially disabled and 9 with mild symptoms 
In both camps it was found that immediate complete rest w r as most effective 
Piolonged disability and recurrence w'ere noted if this w r as not enforced Pozner 
suggests that stiapping is more effective than splinting but says that plaster would 
be even better Floweidew and Bode asked the interesting question whether there 
is a sinulai occurrence of this condition in the nonnulitary population who have 
taken up unaccustomed manual labor 

Stew r ai 1 4 ‘’° review's both traumatic and infectious tenosynowtis, with special 
mteiest in the phvlogenetic development of the long head of the biceps 

Sit) gciy of the IVnst — In the “Progress in Orthopedic Surgery foi 1940” 
Ball’s tieatment of ganglion by the injection of a proteolytic enzyme (caroid) was 
noted In Febiuary 1942, Key 4 - 7 reported a case m which this treatment w r as 
earned out with disastious results Progressive subcutaneous necrosis over the 
doisum of the waist and forearm with a marked general reaction necessitated 
extensive debridement followed by a skin graft There w'as permanent disability 
The s} mptoms w r eie believed to be due to contamination of the material wuth 
Eschenclua coh, Bacillus subtihs, nonhemolytic streptococci and Staph} lococcus 
albus, as well as to the chemical action of the enzyme The writei warns against 
implantation oi injection of such a substance unless it can be sterilized 

Antenoi \olar dislocation of the distal extremit} of the ulna is reported b\ 
Cox 4 8 following an automobile accident Roentgenograms were reported to show 

452 Hamsa, \V R Bilateral Rupture of Biceps Braclm Lower Tendon, Nebraska M J 
27 140 (April) 1942 

453 Coimbra, M B , and Andrade Tarn Subcutaneous Rupture of the Biceps Braclm 
New' Case Rc\ brasil de ortop c traumatol 3 111-115 (Xo\ -Dec ) 1941 

454 Flowerdew, R E and Bode, O B Tenosinowtis m Untrained Farm Workers 
Bnt J 2 367 (Sept 26) 1942 

455 Poraer, H Report on Series of Cases of Simple Acute Tenos\no\itis T Ro\ 
trim M Corps 78 142-144 (March) 3942 

456 Stewart ST War Surgcra and Traumatic Lesions Traumatic and Imectious 
Tcnos\no\itis Am J Surg 56 43-4S ( April) 3942 

457 Kt\, T A Treatment of Ganglion b\ Injection oi Caroid a Dangerous Procedure 
T \ M \ 118 516-517 (Teb 14) 1042 

45$ Cox, E T Anterior Dislocation oi Distal Extremits oi Lina Report oi Case 
Surgen 12 41-45 (Tuh) 1942 
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nothing significant, and the ‘disability was neglected for three weeks At this time 
the coirect diagnosis was made and an open reduction pei formed The patient 
was left with some limitation of supination The writer emphasizes the need for 
prompt 1 eduction The mechanism and the scanty hteiature are discussed 

[Ed Note — One of us (W P B ) performed such an open reduction for a 
clinic of three orthopedic suigeons who had never encountered this rare entity 
The importance of early recognition and prompt open reduction cannot be over- 
emphasized Contracture of the pronator quadratus muscle usually prevents closed 
reduction ] 

Transplantation of the tendon of the flexor carpi ulnaris muscle is suggested 
by Gieen 4 -' 9 for the relief of pronation flexion deformity of the wrist Through 
tlnee incisions the flexor carpi ulnaris muscle is freed until a straight line may be 
developed to its insertion into the extensor carpi radialis tendon With the hand 
in the coirected position, plaster is applied with the elbow flexed at a right angle, 
the foiearm completely supinated and the hand in dorsiflexion Guarded active 
exercises are started on the third day by bivalving the cast The procedure was 
earned out in 15 cases of spastic paialysis, of which the results were excellent in 9, 
good in 4, fair in 1 and poor m 1 In 6 cases of obstetric paralysis the end result 
was excellent or good in 4, fair in 1 and poor m 1 The fair and poor lesults 
weie appai ently due to weakness of the transplanted muscles In 2 cases of 
infantile paralysis, the results were excellent and good 

Abbott, Saunders and Bost 480 described the anatomic implications and a care- 
fully developed technic for arthrodesis of the wrist Bone is removed from the 
crest of the ilium as the first step In children, the incision through the periosteum 
is made along the lateral border of the crest, and the cartilaginous rim is displaced 
upward and medially to preserve it Grafts aie removed from the underlying 
bone with the osteotome held parallel to the margin Under a pneumatic tourniquet 
the wrist joint is exposed through a curvilinear incision centering over Lister’s 
tubercle on the dorsum of the radius The dorsal carpal ligament and periosteum 
are incised longitudinally The posterior ligament of the radial carpal joint is 
incised horizontally along the lower margin of the radius With the wrist in 
palmar flexion, the cartilage is removed from the distal end of the radius and the 
contiguous surfaces of the navicular and lunate bones The mtercarpal and trans- 
lerse mtercarpal joints are exposed en masse by turning a curved flap distall) 
with an osteotome Thin sections of the cortex from the posterior surfaces of the 
navicular, lunate and capitate bones are left attached to their fibious capsules and 
reflected For the reception of the grafts, a flap is turned up proximally from the 
dorsal surface of the radius in adults In children, a horizontal cut is made on 
the articular surface of the lower end of the radius The cartilage is removed 
from the accessible surfaces of the navicular, lunate, capitate and lesser multangular 
bones The spaces between the carpal bones and the low'er end of the radius arc 
packed with bone chips Broad, pliable pieces of bone are then laid over the entire 
posterior aspect of the radiocarpal, mtercarpal and transverse mtercarpal joints 
Fixation is secured b) tucking the borders of the large grafts under the bases of 
the bone flaps and securing them by dorsiflexion The inferior radioulnar and the 
carpometacarpal joint are not exposed Plaster fixation extends from the tips of 
the fingers and thumb to the upper part of the arm with the elbow' at right angles, the 

459 Green W T Tendon Transplantation oi Tlexor Carpi Uimris for Pronation 
ricxion Deformih ot Wrist, Surg, Gyncc & Obst 75 337-342 (Sept) 1942 

460 Abbott L C Saunders, J B de C M , and Bost, F C Arthrodesis of Wrist 
with U'e of Grans of Cancellous Bone J Bone &. Joint Surg 24 883-898 (Oct) 1942 
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forearm in midprone position and the wnst m 10 to 15 degrees of dorsiflexion 
with the digital joints moderately flexed After three weeks a short cast is substi- 
tuted from just below the elbow to the metacarpophalangeal joints Reports of 8 of 
50 cases in which the operation was performed are offeied m illustration of the 
method 

[Ed Note — Fusion of the wnst joint is uncertain in outcome unless additional 
bone is used For older children and adults, the distal end of the radius is a con- 
venient source ] 

Calcium Deposits — Cooper 4Gl has studied 8 cases of calcareous tendinitis in the 
metacaipal phalangeal region, and he reviews the subject of calcareous tendinitis in 
geneial There was involvement once each of the first, second and fourth metacarpal 
phalangeal legions, and 5 times of the third The patients’ ages langed from 38 to 60 
There weie 5 women and 3 men The right hand was involved m every case The 
microscopic section of material from 1 patient showed degenerated fibrous tissue 
with masses of amorphous calcium The laboratoiy studies showed the uric acid 
to be within normal limits in 7 cases The sedimentation rate was taken in 4 cases 
It was 30, 26, IS and 5 mm m these 

In each case the onset was acute In 7 cases it occurred during the day In 
no case was there recent trauma or acute illness Pam, swelling and tenderness 
of the hand developed to a remarkable degree m a short time Most of the patients 
weie seen on the day of onset with diffuse swelling, local heat and redness strongly 
suggestive of an acute septic lesion 

Roentgenogiams showed in each case a calcific deposit corresponding to the area 
of gieatest tenderness Some of the shadows seemed to follow the outline of the 
doisal interosseus muscles In others, the conformation seemed to correspond to 
the distribution of the capsule In 1 it appeared to be in the shoit flexor muscles 
of the thumb 

Examination levealed pronounced tenderness of a poorly defined nodule m the 
legion of the deposit Motion of the affected finger was extremely painful, especially 
extension of the metacarpal phalangeal joint with the finger flexed Clinically 
the appearance was somewhat like that observed in uric acid gout, but the swelling 
was not of the tense, bluish type commonly seen in gout 

In 2 cases, exploration with a needle and the aspiration of a small mass of cream} 
calcific deposit did not seem to influence the course of the disease No report is 
submitted on the case in which an operation rvas performed Immobilization with 
plaster ol pans oi a splint extending to the finger tips was used with immediate 
lelief This immobilization w r as maintained for five to seven days The acute 
swnptoms subsided during this time in e\erj case Slight or moderate residual 
tenderness which lasted for several weeks w r as tieated with diathermj through the 
clasped hand During the course of treatment the calcific deposits grew rapid!} less 
apparent in loentgenograms The\ w r ere absent or aery small in even case at the 
end of a month 

As m calcaicous tendinitis elsewhere, the cause remained obscure and the calcium 
deposit was undoubtedh present long before the deaelopment of s\ mptoms The 
mechanism which precipitated the acute symptoms was not ewdent The occurrence 
in the right hand m the reported cases suggests the likelihood of trauma of use as 
a contributing factor 

Different but interesting arc 3 cases of interstitial calcinosis In 2 the tip of a 
finger was imohed and m 1 the right fourth toe It is remarkable that in all of these 

461 Cooper W Calcareous Tendinitis in Metacarpoplialanceal Region T Bone X. Torn! 
Sun; 24 114-122 (Tan) 1942 
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3 cases, reported by Beicow and Poppel, 402 the calcinosis was associated with scleio- 
derma and Raynaud’s disease The writer thought that Ravnaud’s disease might 
predispose to both of the other lesions, although he realized that any of the tlnee 
lesions might appeal independently 

Stage) y of the Hand — In his usual masteily fashion, Bunnell 403 piefaces a 
new article with a demonstration of the pnmoidial character of the intrinsic muscles 
of the hand He shows that the hand developed phylogenetically before the aim 
since these muscles are piesent in the eaily fish and well developed m the amphibia 
From dissection of fresh cadavers he describes the dorsal aponeurosis, oi extensoi 
assembly, w hich pei nuts the coordination in action of the long extensors and flexoi s 
and the lumbiicalis and interosseus muscles The conjoined tendons of the 
interosseus and lumbiicalis muscles may either flex the proximal fingei joint oi 
extend the distal two fingei joints, according to whethei the aponeuiotic sleeve 
shifts distally oi pioximally The tiansverse fibers over the back of the pioximal 
phalanx can be made to shift on the phalanx longitudinally 15 mm , although in 
oidinai} use they shift only 7 mm , while the nariow vential band which is blended 
with the joint capsule shifts only 3 nun When the sleeve is distalwaid down 
back of the phalanx, the intiinsic muscles can flex the proximal fingei joint, but 
when the slee\e is drawn proximally by the action of the long extensoi tendon 
and the sleeve is over the joint, a sort of “shifting of geais” takes place, and the 
proximal joint is stabilized in extension and the intrinsic muscles extend the distal 
two finger joints or impart lateial motion The intiinsic muscles flex the pioximal 
joint only w'hen the long extensors relax The functional anatomy of the otliei 
intrinsic muscles is thoroughly discussed Clinical types of injury of intiinsic 
muscles aie then described, with an appropriate repair for each injury Removable 
wire sutuies are ingeniously used, as outlined in “Progress m Orthopedic Suigeiv 
for 1941 ” 

Miller 404 piesents an end lesult study of 300 cases of tendon injury of the 
hand and wmist in 136 of which there w r as a complete follow-up PIis conclusions 
are 

1 r unctional results are poorest in lacerations occurring over the proximal phalanges and 
middle phalanges 

2 Lacerations of flexor tendons occurring at the wrist and oier the palm generally heal 
with good functional results 

3 Lacerations of the extensor tendons regardless of their location heal without functional 
disabiht\ in 92 per cent of the cases 

\fter 4 plastic operations on digital flexor tendons Pinkeiton 40 ’ surrounded 
the tendon with amnioplastin It wuis his impression that the function of the tendons 
was improved b\ this procedure The results w r ere satisfactorj' as long as three 
months after operation He suggested the use of amnioplastin after sutuung cut 
flexor tendons His membrane was prepared from human amnion by the pathology 
laboratory according to the method of Penfield 4CC 

462 Bcrcow C and Poppd, M H Interstitial Calcinosis Circumscripta Associated 
with Scleroderma and Raynaud s Disease Radiology 39 96-98 (Juls) 1942 

463 Bunnell S Surgen of Intrinsic Muscles of Hand Other than Those Producing 
Opposition of the Thumb I Bone &. Joint Surg 24 1-31 (Jan ) 1942 

464 Miller H Repair «u Scyered Tendons of Hand and Wrist Statistical \nal\sis oi 
Three Hundred Ca'ec Surg Gsncc & Ob't 75 693-698 (Dec) 1942 

46a Pinkerton M C \ amoplastin tor Adherent Digital Tlcxor Tendons, I anett 1 
70-72 (Tan 17) 1942 

466 Ptnfidd Y\ \mniopia-.tm \ Warning Brit M J 2 668 (km 16) 1940 
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Distuibed by the limited independent extension of the fourth finger ot his own 
right hand, Batty- Smith 4C " submitted to an operation to remove the fibrous bands 
between the extensor tendons of the third, fourth and fifth digits These proved 
to be transverse rather than oblique There is evidently consideiable variation in 
their direction At the first operation, the bands connecting the extensoi tendons 
of the fourth finger weie cut No unpro\ement in extension of the digit was 
obtained Fne }ears latei a second operation was performed, with the patient 
under local anesthesia and able to cooperate The extensor tendons of the fouith 
and fifth fingers w r ere identified It was found that extension of the ring fingei 
caused tightening of the slip of the extensor communis to the fifth Extension ot 
the little finger alone w as performed entirely by the extensor digiti qumti propriua 
Attempts to extend the fourth finger alone were futile while the little finger was 
held flexed Therefore, about 1 inch (2 5 cm ) of the slip of the extensor com- 
munis to the fifth finger was excised, only the extensor digiti quinti being left 
to this finger Simple exercises ivere begun on the twelfth day Emphasis v'as 
placed on flexing the little finger wdnle extending the ring finger A maximum 
impiovement of function was obtained m the first three w r eeks The operation w r as 
a complete success in that the fourth finger could be lifted % inch (16 cm ) 
independently and that this finger could be straightened to within 25 degrees of 
complete extension while the little finger was held flexed in the palm The wntei 
concludes that the tendinous slips are not important factors in disability of the ring 
finger For persons who require independent extension of the fourth finger, as 
in piano playing, this simple operation is advised 

Fingei Amputation — Traumatic amputation of a finger tip is a frequent accident, 
particularly in the tank coips In most cases the tip of the middle finger is involved 
but injury of each of the digits has been noted In the majority of the cases, the 
base of the nail is not completely avulsed Terhune and Camp, 4es from Camp 
Polk, La , suggest primary debridement with a split thickness skm graft applied 
to the raw surface Bleeding is first carefully conti oiled and sulfanilamide powdei 
sifted on the stump In 6 of 8 cases the graft took w r ell The writers prefei the 
method to reamputation at the distal interphalangeal joint The mjuiy is treated 
by Dejongh 469 by sliding a flap of skin from the palmar margin of the wound ovei 
the tip of the finger With the aiea under block anesthesia with procaine hvdro- 
chlonde the distal end of the phalanx is trimmed and then a transverse incision is 
made on the palmar surface %c to % inch (0 5 to 0 6 cm ) proximal and parallel 
to the edge of the amputation The incision is extended from a midlateral point 
on one side to the same point on the other side and carried down through the layers 
of the skin and just to the areolar tissue No undercutting is necessary The freed 
section is moved distally and dorsally until it covers the end of the fingei and is 
held in place with three sutures passed through the nail oi its bed and through 
the distal edge of the skin flap The denuded area proximal to the section of skin 
is allowed to granulate m No difficulty has been noted with the resulting scar 
Twenty-eight cases are reported with only 1 possible failure Good cosmetic and 
functional results are claimed 

467 Batty-Smith, C G Operation for Increasing Range of Independent Extension oi 
Ring Finger for Pianists, Brit J Surg 29 397-400 (April) 1942 

468 Terhune, S R, and Camp, M X Traumatic Amputation of Finger Tips South 
Surgeon 11 646-651 (Sept) 1942 

469 Dejongh, E Simple Plastic Procedure of Fingers for Conserving Bon\ Tissue 
and Forming Soft Tissue Pad Am J Surg 57 346-347 (Aug) 1942 
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Jones 470 reports 18 cases fiom the United States Marine Hospital in San 
Fiancisco in which the involved finger was flexed m the palm, where the defect 
was covered by a flap graft from the thenar or hypothenar surface with the base 
directed proximally The flap was sutured to the skm or the nail on the dorsum 
and the sides of the graft weie sutured to the sides of the defect as far proximally 
as possible without tension or kinking The finger was held in position for foui- 
teen to eighteen days with adhesive plaster until the graft was cut loose The 
writer lecommends the method because the giaft of the palmar skin and sub- 
cutaneous tissue more nearly approximates the normal appeal ance and texture 

Collection of Opponens Paralysis — Irwin 471 revenvs the indications for and 
technic of the basic transplant of the flexor sublinns tendon of the fourth finger to 
the pioximal phalanx of the thumb He emphasizes the following featuies 

1 The course of the transplanted tendon from the muscle belly to the pulley 
must be in a straight line 

2 A pulley is constiucted by passing the tiansplant under and over the flexoi 
caipi ulnaris tendon and maintaining it in position by a hitch from a portion of 
the flexor ulnaris tendon 

3 The pulley must allow free gliding motion of the tendon by presenting its 
smooth, glistening suiface to the inside and being one-third larger than the diameter 
of the tendon 

4 The tendon must he in front or toward the flexoi side of the metacarpo- 
phalangeal joint at the base of the proximal phalanx 

5 The tendon is fastened directly into the bone entering the proximal phalanx 
on the bolder adjacent to the web 

The palmaris longus tendon is never removed from its noimal site to furnish 
motor power to the transplant It normally takes part in opposition In the 
presence of an arthrodesed wrist, the flexor ulnaris oi radialis tendon may be used 
to reenforce the basic transplant The secondary tendon must be attached to the 
tendon of the basic tiansplant proximal to the pulley The opeiatne technic and 
after-care are thoroughly discussed 

T C Thompson 472 uses the flexor sublimis tendon of the ring finger without 
pulling it from its canal The tendon is severed at the base of the fourth finger and 
drawn out through a longitudinal incision in the palm just to the radial side of the 
hypothenar eminence It is then drawn subcutaneously across the center of the 
thenar eminence to the distal end of the first metacarpal bone and the base of 
the proximal phalanx of the thumb The lower border of the transverse caipal 
ligament thus forms a pulley at some distance from the base of the thumb 4 he 
action in adduction and especially in rotation of the thumb is much more efficient 
than when the tendon was brought out above the wrist instead of distally to the 
sheath of the flexor polhcis longus muscle 

A hole is drilled through the distal end of the first metacarpal so that half of 
the tendon enters this bone just to the radial side of the extensor polhcis longus 
The other half of the tendon is then brought around the dorsal surface of the thumb 
superficial to the extensor polhcis brevis and extensor polhcis longus tendons, and 

470 Jones R A Method for Closing Traumatic Duect of ringer Tip Am J Surg 
55 326-335 (Teb ) 1942 

471 Irvin, C E Transplants to Thumb to Restore Function of Opposition End Results, 
South M J 35 257-262 (March) 1942 

472 Thompson, T C Modified Operation for Opponens Parahsis J Bone &. Joint 
Surg 24 632-640 (Juh) 1942 
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diawn through a small tunnel m the fascia and penosteum at the base of the 
proximal phalanx The two ends of the transplanted subhmis tendon aie then 
sutured togethei 

To maintain a functional position of the thumb in selected cases in which theie 
is too extensive paralysis to permit the foregoing operations, C F Thompson 473 
proposes stabilization of the hist metacai pocarpal joint by placing a bone graft 
between the first and second metacarpals He uses the operation also m maintain- 
ing the spastic thumb away from the palm 

The fiist interosseous space is exposed through a dorsal longitudinal incision 
The radial aiteiy is isolated The first dorsal interosseous muscle is split and 
preserved to cover the dorsal aspect of the gi aft The adductor polhcis muscle or 
its lemnant foims the floor of the graft bed Holes are placed m the adjacent 
coitices of the first two metacarpals to receive the 1 cm spikes of bone on each 
end of the graft The distance between the bone recesses m the metacarpals is 
measured with the thumb in extreme opposition A block of bone is removed fiom 
the tibia and shaped to fit with a spike on each end Tension of the tissues holds the 
giaft firmly in position A plastei cast so molded as to support the space between 
the index finger and the thumb is worn for twelve weeks 

Of the 7 operations performed, only 1 resulted in failure A pseudai throsis 
occurred between the graft and the first metacarpal bone 

Dupuytren’s Contracture — The perennial discussion of Dupuytren’s contracture 
is continued by Lund, 474 who finds that the defoinuty is more pievalent among 
patients with epilepsy than among other persons A colony of 190 male and 
171 female epileptic patients treated with phenobaibital was examined foi localized 
fibroplasias Fifty per cent of the males showed no change in the palm, 22 6 per 
cent had nodules or thickened bands in the palmar fascia, an additional 15 8 
per cent had the characteristic puckering of the skin in the palm, and 116 per cent 
had contractures of the fingers The various deformities were about half as 
frequent in females In addition, 13 males and 12 females had fibroma plantae 
There were 12 cases of penarthrosis humeri Of 100 males examined, 29 had 
subcutaneous fibromas of the dorsal aspect of the middle joints of the fingers and 
3 had induratio penis plastica Of 100 females examined, 13 had subcutaneous 
fibromas of the fingers Dupuytren’s contracture was present in most of the cases 
in which there were other manifestations of localized fibroplasia 

Examination of a control group of 1,021 brewery workers showed that Dupuy- 
tren’s contracture was four times as frequent among the epileptic patients as among 
the workers and that the age of onset was lower among the foimer No definite 
correlation was found between the incidence of Dupuytren’s contractuie and the 
age of onset of the epilepsy, the frequency of seizures or the size of the dose of 
phenobarbital Three questions are suggested which need further investigation 

1 Is there any hereditary connection between epilepsy and a fibroplastic 
diathesis ? 

2 Are these localized fibroplasias due to functional disturbance of the vasomotor 
system of persons with epilepsy (constant hypersympatheticotony or universal tonus 
storm at each epileptic paroxysm') ? 

3 Can protracted therapy with phenobarbital be responsible for the high inci- 
dence of localized fibroplasia among persons with epilepsy? 

473 Thompson, C F Fusion of Metacarpals of Thumb and Index Finger to Maintain 
Functional Position of Thumb, J Bone & Joint Surg 24 907-911 (Oct) 1942 

474 Lund, M Dupuj tren’s Contracture and Epilepsy, Acta ps\ chiat et neurol 16 465- 
492, 1941 
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The entne subject of Dupuytien’s contracture has been thoioughly lestudied b\ 
Ilorvitz 475 on the basis of (1) the dissection of the palmar fascia m 60 hands pre- 
senting no gross abnormality, (2) the microscopic anatomy of the palmai fascia <n 
27 normal hands and (3) the structure of the tissue removed in 35 cases of Dupuj- 
tren’s contracture He concludes that previous considerations of such etiologic 
factors as trauma, chronic specific or nonspecific inflammatory processes, circulaton 
stasis, focal infections, gout, diabetes mellitus, arthritis, embiyonic malformations 
peripheial oi central neurologic disturbances and endocnnopathies have been 
founded on wholly inadequate evidence and aie substantiated neithei by a cntical 
analysis of the clinical and histologic material in his investigation nor by the data 
leported by othei writers He does conclude that the essential process is a benign 
fibroplasia of the palmai connective tissues with histologic features and clinical 
behavior resembling those of other localized fibroplasias Such factors as heredit) , 
senility and a fibroplastic diathesis appear to have etiologic significance 

Widespread surgical excision of the involved tissues is considered essential foi 
peimanent coriection of the deformity Not only should the contracted superficial 
palmar fascia and its digitations be lemoved, but also the attachments to the skin, 
the paratendinous septums and even the distal portions of the deep interosseous 
fascia When the correction of defoimities of the fingers necessitates wide excision 
and division of soft tissue or resection of bone, immediate amputation is sometimes 
to be preferred Adams 4 " 6 suggests the simple transverse incision without the 
addition of a connecting longitudinal incision for fear of necrosis of the skin flap 

XVIII RESEARCH 

PREPARED BY ARTHUR STEINDLER, MO, AND THE STATF OF CHILDREN'S 

HOSPITAL, IOWA CITY 

Classification — Brailsford 477 studied the roentgenograms of a full term fetus 
at birth No ossified nuclei of epiphyses are present, except one foi the epiphysis 
of the lower end of each femur and sometimes a smaller one for the head of the 
tibia and the head of the humerus 

The ossification of the diaphyses appears to be uniform throughout The 
nutrient foramens can be made out in the long bones The extremities ot 
the diaphjses are already defined and regular in outline 

As the cartilage of the epiphyses does not show at the joints, tlieie appear to 
be wide gaps between the extremities of the long bones The nuclei for the os 
calcis and astragalus are large and beginning to show evidence of their shape A 
small nucleus for the cuboid maj also be present In the wrist a small nucleus for 
the os magnum may be the only indication of ossification of the campus 

The author then describes in detail the roentgenographic appeal ance of the skull 
spine and pelws He also discusses different anomalies and intrauterine injuries 
from the point of wew of the roentgenologist 

[Ed Note — Tor the study of the intrauterine roentgen interpretation of mam 
anomalies injuries and diseases, this article is to be recommended ] 

475 Horvitz, T Dupmtrcn’s Contracture Consideration of Anatomy of Fibrous Struc- 
tures of Hand in Relation to This Condition with Interpretation oi Histologa, Arch Surg 
44 687-706 (April) 1942 

476 \dam-, H D Dupmtrcn’s Contracture S Clin North America 22 899-906 (June ' 
1942 

477 Brailsfo-d J T Skeleton at Birth Brit J Radiol 15 213-223 ( \ug ) 1942 
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Robinow 4 ‘ s studied the ossification centeis of 31 children The ages were 
determined at which nineteen centeis appeared in the gioup These data were 
mteicoi related and subjected to a factor analysis 

The analysis ) lelded three factors a “round base” factor, an “epiphysis” factoi , 
and a factoi baaing no obvious meaning, probably an artefact 

An appieciation of the first two factors helps one to understand ceitain cases 
in avhich skeletal development is atypical Methods aie suggested by which mean- 
ingful “skeletal ages” may be assigned m such cases 

Theie was found m 2 boys and 2 gills of one family an acceleration of the 
deaelopment of lound bones associated with geneial accelei ation of skeletal 
development 

Buehl and P}le 470 lepoit on the ossification of thiee centers 

1 The distal epiphysis of the ulna is noimalh the last epiphysis of the wrist to 
calcify and its calcification begins between the ages ot 5 and 7, depending on the 
sex and rate of development 

2 The fiist sesamoid bone of the thumb begins to calcify before adolescent 
changes begin and consequently is useful as a piedicatoi of the menaiche 

3 The crest of the ilium begins to ossify at the ages of 12 and 13^2 yeais 
respectively in boys and girls These three centers were studied, and the age at 
which ossification began was found to be Sy 2 , 10 and 13 yeais lespectively for girls 
and 754, 12 and 14 years foi boys 

Ossification began in these three centers according to the normal 01 del of general 
dec elopment peculiar to each sex , 1 e , boys follow girls in sequence of ossification 

Ossification began 111 the crest of the ilium within six months of the menarche 
in two thirds of the gills 

It is suggested that ossification of the crest of the ilium might possibly indicate 
a point in the maturation cycle of the male which is comparable to that existing 111 
the female at the tune of menarche 

Endoames — In previous expenmental work the Silberbergs ,s0 used acid 
extracts of the anterior lobe of the hypophysis in growing mice and guinea pigs 
and noted temporary stimulation of the proliferation of epiphysial cartilage fol- 
lowed by a pi emature aging process of the skeletal tissues 

However, several investigators pointed out that the anterior lobe of the hypo- 
physis contains a growth-promoting substance that can be extracted by alkaline 
but not by acid solutions The authors consequently decided to compare the effects 
of alkaline extracts (antuitnn G) with the results obtained with acid extiact 
Forty-thiee mice and 8 guinea pigs were used One group of mice consisted ot 
growing animals 5 to 6 weeks old , the other, of adults 3 to 4 months old The first 
group received 0 1 cc of the alkaline extiact three times weekly for one, turn and 
four weeks and two and three months The othei group received 0 15 cc three 
times weekly for one, two and foui weeks Conti ols weie maintained in all 
experiments Two guinea pigs received 1 cc of the extract mtiapentoneally daily 
foi four days, and 2 othei s recen ed the same dose foi fourteen days 

478 Robinow, M Appearance of Ossification Centers Groupings Obtained from Factor 
Anah sis, Am J Dis Child 64 229-236 (Aug) 1942 

479 Buehl, C C, and Pyle, S I Use of Age at First Appearance of Three Ossification 
Centers m Determining Skeletal Status of Children, J Pediat 21 33S-343 (Sept ) 1942 

480 Silberberg M , and Silberberg, R Effects of “Growth Hormone’’ of Anterior 
H\poph)sis (Antuitnn G) on Skeleton of Mice and Guinea Pigs Am J Path 18 1141-1157 
(Nov) 1942 
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The authois state that the effects observed with this alkaline antenoi pituitan 
extiact aie in principle the same as those observed when the acid anterioi hypo- 
physial extract was used In growing mice and guinea pigs the former extiact 
influences all three phases of skeletal development and aging It promotes processes 
of bone foimation as well as those of lesorption of bone In adult mice which have 
leached the end of physiologic giowth it does not renew epiphysial cartilage 
proliferation 

Sutro and Pomeiantz 4S1 repoit an experimental study of the effect of estiadiol 
benzoate on bone growth m young dog$, particularly as contrasted to the findings 
with mice 

Eight mongrel dogs were used, of which 3 seived as controls and 5 (3 females 
and 2 males) were used experimentally Weekly injections of estradiol benzoate 
weie given foi a penod of five to seven and a half months Roentgenographic 
and microscopic studies of the bones weie made The following aieas weie studied 
costochondial junction, humeroscapular articulation, knee, hip, pubic symphysis, 
sacioiliac articulation, calvarium and lumbar vertebrae Some of the nonosseous 
tissues were also examined microscopically 

At the end of the experiment, the only epiphysial plate still paitially open in 
the long bones was that in the upper end of the humerus, wheieas in the controls the 
epiphysial plates at the upper end of the humerus, tibia and femui weie open The 
heights of the veitebial bodies and the sternum weie shoitei in the experimental 
animals In addition, all the long bones of these animals presented some narrowing 
piopoitional to the stunting of longitudinal growth In contrast to what is found 
in mice, no evidence of osteosclerosis was observed in either the metaphysial oi 
the endosteal regions , furthermore, the density of the calvarium was unaffected 
As for the pubic symphysis, the lowermost portion was meiely smallei than m the 
control dogs The sacroiliac legion showed no change In the expemnental 
animals, the penis showed onl) a small proximal segment of bone, while in the 
control animals it had a long stem of bone running throughout its length 

Microscopic observations confirmed the roentgenographic findings The\ 
shoved plainly that the epiphysial plates of the examined long bones of the expen- 
mental animals weie closed The costochondial junctions and the growth plates 
in the pubic symphjsis were found only slightly affected, in that the numbei of 
h\pertropluc cells was diminished The articular cartilages of the long bones weie 
slightly' thinner and contained fewer cells in the experimental animals than in the 
controls There was no piemature fibrillation or degeneration of the cartilage 
matrix, and no osteosclerosis was noted in the metaphjsial or the endosteal areas 
The bones and ligaments compnsmg the pubic symphysis and the sacroiliac aiticula- 
tions v ere unaffected 

In summarj the authors conclude that the prolonged admmistiation of estradiol 
benzoate to joung mongrel dogs did not cause osteosclerosis, although inhibition 
of the growth of the skeleton and disturbance of the development of bone in the 
penis did occur These findings are unlike those encountered in mice, in which 
not onh stunting of grow th but osteosclerosis has been observed The absence of 
osteosclerosis in the dogs suggests that other factors besides the inhibition of growth 
may be responsible for the excess production of bone m certain animals after the 
administration of estrogen 

4S1 Sutro C J, and Pomermtz, L Changes in Osseous Tissues oi Young Dogs After 
Prolonged Administration oi Estradiol Benzoate fEstrogcn), Arch Path 33 305-311 (March') 
1942 
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Biemei 482 repoits on the piobable causes of the subepiphysial lesorption of the 
sui face ot the diaphysis of long bones which is responsible for the shaping of the 
bones He describes the histologic picture of the piocesses and refeis to his 
pievious paper in which he describes a similai piocess taking place in the con- 
dition known as osteitis fibrosa He then points out that the parathyioid gland is 
“ill adapted” to be consideied even by implication as a legulator of resoiption and 
deposition of bone by its legulation of calcium storage in bone 

On the other hand, estrone has been shown expei imentally to cause osteitis 
fibiosa, consequently the author used this substance m rats and observed an mciease 
in the normal erosion at the surface of the bone He also points out that Gordon 
and Pfeiffer in 1938 showed that the effects of estione can be suppressed by 
testosterone Since estrone was considered nonnally present, testosterone was 
given to normal lats by the author, and a consequent reduction in erosion V'as 
noted Consequently, the author feels that it is an estione-testosteione ratio that 
acts as a regulator lathei than parathyroid hormone 

As to an explanation of the choice of specific locations of areas of bone lesorption 
the author offers the suggestion that it occurs m the subepiphysial region because 
of the thm-walled veins that exist here, making this area moie permeable foi 
hormonal activity 

The author also points out that one fairly dependable characteristic of female 
bones is the greater depth of the osseous fossa in the female than in the male He 
attributes this to presumable preponderance of estrogens in the female 

Cat Mage — A new histochemical method for studying the cytoplasm of cells is 
described by Hass, 483 which consists of a microscopic interreaction in the presence 
of nitrous acid between a paiticular product deiived from ciystal violet and an 
unknown cytoplasmic component which is especially abundant in the region of the 
cytoplasmic membrane Several types of cells weie studied, but it was found that 
only cartilage cells possess this component in leactive form Even cartilage cells 
diffei m degree of reactivity in accordance with the type and stage of differentiation 
In infantile cartilage, the capacity to react is acquned by the cytoplasm as the cells 
differentiate from the perichondrium It increases as the cells become embedded m 
a matrix but decreases as the cells undergo decay at the zones of ossification The 
cells of infantile epiphysial cartilage varied with their stage of differentiation 
The undiffeientiated cells of perichondrium and neighboring fibrocytes did not 
leact 

Cells of costal and patellar caitilage gave the same type of reaction, though of 
a lowei order 

Cells of hyaline cartilage of vertebral bodies gave a positive reaction A similar 
leaction was possessed by the fibrocartilaginous part of the intervertebral disk 

Cells of the elastic cartilage of the auricle of the eai gave a positive reaction but 
of a lowei order of reactivity 

A low order of leactivity was also charactei istic of most cells of the geniculate 
semilunar cartilage Cells wdnch gave a strongly positive reaction w^ere surrounded 
by a h} aline matrix 

482 Bremer, J L Influence of Estrogens on Shape of Long Bones, J Bone &. Joint Surg 
24 32-37 (Jan ) 1942 

483 Hass, G M Studies of Cartilage New Histochemical Reaction with High Specificm 
for Cartilage Cells, Arch Path 33 174-181 (Feb ) 1942 
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The foimation of new cartilage was observed by the Clarks 484 microscopically 
in the living animal by means of “round table” chambers permanently installed m 
the ears of rabbits The installation involves the cutting of a hole 0 6 mm in 
diameter clear through the ear and the insertion of a double-walled chambei with 
a transparent observation space Thus all the tissue which appears in the space 
over the table is newly formed and the cytologic details of its growth and diffeientia- 
tion can be followed by microscopic obseivation over a penod of months 

In contrast to the behavioi of blood vessels and connective tissue cells, which 
promptly invaded the table space from the periphery in every case, and to that of 
the lymphatics, which usually giew in, and of the nerves, which frequently regen- 
eiated, the new formation of cartilage was much slower, more spoiadic and more 
lestricted in amount Cartilage formation occurred in 10 of 23 round table 
chambers studied intensively for from four to twenty months 

Cartilage appeared relatively late, in most cases after the vascularization of the 
table area was complete It formed in regions of slow oi moderate circulation and 
did not take place under the conditions of mild inflammation which favored the rapid 
giowth of other tissues 

After a few weeks of slow increase the new cartilage usually became stationaiy 
and remained unchanged for seveial months, while m a number of cases it receded 
and occasionally it disappeaied 

Cartilage formation was seen to occur in some cases neai the edge of the table 
in continuity with the cut edge of the preformed cartilage and with otheis well out 
in the table aiea in the midst of the new tissue The legions of new formation 
were lestricted in number, occuiring at one to at most three points only, and 
the amount formed was relatively small 

The new cartilage arose from elongated motile cells, containing characteristic 
uniformh disturbed granules, which became stationary and spherical, after which 
the granules enlarged and coalesced to form the large fat droplets similar to, although 
rareh as large as, those seen in the original ear cartilage At the same time, a clear 
homogeneous substance (matrix) appeared between the cells A numbei of 
neighbonng cells underwent these changes simultaneously In succeeding weeks 
other elongated cells around the edges of the new cartilage frequently undenvent 
this transformation, thereby mci easing the cartilage mass 

Mitotic dnision of the new cells was not observed The question as to w'hether 
the wandering cells which transformed into cartilage w'ere specific cells, demed 
from the original cartilage or perichondrium, or whether they w r ere ordinary fibro- 
blasts, originating from connective tissue cells, was not settled 

Spontaneous development of bone in the midst of newl) formed caitilage 
occurred occasionalh , and in 1 instance it w r as possible to study the cytologic 
details ot bone formation in hung tissue The cartilage developed in the inter- 
stices of circulating vascular networks, and after the formation of the intercellular 
matrix the blood -vessels in the vicinitv retracted and the cartilage became non- 
vascular The new bone first appeared in areas of nomascular newl) formed 
cartilage and invaded the bone Growth and resorption of bone were subsequent!' 
seen to occur simultaneoush with no further alteration in the supplying blood 
v ossein 

4 ? 4 Clark E R and Clark E L Microscopic Observations on New Formation of 
Cartilaee and Bone (in Transparent Chambers in Ear) in Living Mammal \m J \< n( 
70 167-200 (March) 1942 
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It has been previousl) shown expeiimentally by Rosenthal, Bowie and 
Wagonei 4S0 that the respnatoiy pov'ei of the cartilage cell declines with advancing 
age, while the gI)colytic powei does not change Because of this decline the 
authois piesent a study of the nature and capacity of the lespiraton enzymes 
of bovine cartilage 

Functionally, the lespuatory system in cells can be divided into tv r o paits 
(a) a substiate-actn atmg (dehydrogenatic) component and ( b ) an ox) gen-actn at- 
mg component These investigations v r ere based on the first part, i e , the sub- 
stiate-activating component Aerobic methjlene blue technic v^as used foi the 
estimation of the delv diogenatic capability of the surviving caitilage slices 

Dextiose and mannose weie the most effective substiates for the deh) diogenatic 
piocess 

The papei presents experimental data to show that the dehydi ogenatic pov r ei 
of boune aiticulai caitilage is qualitatively and quantitatively greatei than that 
reported in previous experiments 

They give a reason for the fact that other imestigators have not detected a 
maiked dehydi ogenatic activity in articulai cartilage toward reaclih oxidizable 
metabolites, in that the) used either damaged or aged cartilage 

Evidence is piesented by the Gutmans 48(5 that a phosphor) lative gl) cogenolytic 
enzyme is piesent in calcifying cartilage which is capable of synthesizing potential 
substrates for bone phosphatase at zones of calcification befoie blood sources 
become available, and ot supplementing those blood souices after the) become 
available Inorganic phosphate for calcification can be formed from organic esteis 
not only by bone phosphatase but by phosphoi ylase 

Expei iments w'ere performed until tissue pulp made from the pioximal and 
distal ends of the femuis, tibias and humen of young rabbits or rats The effects 
of young rabbits’ livers and epiphysial pulp on the inorganic phosphorus content 
of phosphate-gl) cogen mixtures and the influence of temperature and fluonde on 
the reaction were detei mined Also the effects of aqueous extracts of young labbit 
epiphyses on the inorganic phosphorus content of phosphate-glycogen nnxtuies 
with and without added muscle adenylic acid, and on glucose-l-phosphate, are 
presented The results imply a rapid rate of leaction of the enzymes imohed 
which contrasts with the extremely slow reveise catalytic effect of bone phosphatase 
Activation of adenylic acid further indicates that the lesults cannot be ascribed 
wholly to bone phosphatase 

The aim of this voile by Hass and Gaithwaite ,18 " is to obtain positne data about 
the composition of the cartilage They divided the methods of study in file parts 
(1) preparation of cartilage, (2) extraction of the prepared material, (3) hydiol- 
)sis of the extracted tissue, (4) determination of the quantity ot i educing 
substances in the hydrolysis, and (5) determination of the quantit) of sultate in 
the hydrolysis 

They worked on fiesh epiphysial cartilage obtained from infants and cut with 
a fieezing miciotome 

Fiom averages of the numerical data the) concluded that chondroitin-sulfunc 
acid comprises about 20 per cent of the dry weight Of this amount, a small 

485 Rosenthal, O , Bowie M A. and Wagoner G Nature of Defn drogenatic Abiliti of 
Boune Articular Cartilage J Cell & Comp Phisiol 19 15-288 (Feb 20) 1942 

486 Gutman A B and Gutman E B Phosphorilase in Calcifung Cartilage Proc. Soc 
Exper Biol &. Med 48 687-691 (Dec ) 1941 

4S7 Hass, G M , and Gartlnvaite B Studies of Cartilage Some Effects or Mediums 
of Different p a Values on Composition of Cartilage, Arch Path 33 145-162 (Feb ) 1942 
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fi action was extracted with neutral 10 per cent aqueous solution ot calcium chlonde 
and a large fraction was extracted at 11> while complete extraction in the lange 
pn 4 to 12 was possible only at p H 12 

Sulfonamide Compounds — For one year Biclc and Pheasant 488 obseived the 
results of implantation of sulfonamide compounds when implanted m the soft 
tissues 

The following conclusions weie diawn As long as small amounts of the diug 
were used and also as long as the drug was implanted deeply, that is, below the 
subcutaneous tissues, neither delay m healing nor delay m lecovery of function 
of the joint was noted Small doses were adequate foi the control of infection 
Small doses do not cause reactions, such as adhesions, fibrosis or othei alterations 
in the joint Apparently sulfathiazole and sulfanilamide have equal protective 
powers, with sulfanilamide the easier to apply 

[Ed Note — These conclusions confirm the observations now being made in 
hospitals of the armed forces all over the world ] 

488 Bick, E M, and Pheasant, H C Local Application of Sulfonamides to Synovial 
Surfaces, J Bone & Joint Surg 24 937-939 (Oct ) 1942 
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VITAMIN Bj NUTRITION IN SURGICAL PATIENTS AS DETERMINED 
BY THE BLOOD LEVEL OF PYRUVIC ACID 

I HEPATIC DISEASE 
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Carboxylase is an enzyme which catalyzes the 
decarbox) lation of pyruvic acid to carbon dioxide 
and water It was first recognized by Neuberg 
and Karczag 1 Auhagen 2 showed that the 
activity of carboxylase is dependent on the 
piesence of a coenzyme which is known as co- 
carboxylase and which is found in animal tissues 
Later Lohmann and Schustei 3 were able to 
isolate cocarboxylase and to demonstrate that it 
is a pyrophosphonc ester of vitamin B x 
(thiamine) Vitamin B x (thiamine) after inges- 
tion is absorbed from the intestine by diffusion 
into the blood stream It reaches the liver and 
the kidneys, where phosphorylation takes place 
and where the thiamine is stored as cocaibo- 
xylase, or diphosphothiamine (Ochoa and Pe- 
ters 4 , Westenbnnk and Goudsmit 5 ) Deplios- 
phorylation of the diphosphothiamine may take 
place m all of the tissues but appears to be 
carried out mainly m the liver and the kidneys 
(Ochoa 0 , Tauber 7 ) Dephosphoi ylation results 
in the formation of free thiamine This may be 
leleased into the blood stream, after which it is 

From the Department of Surgery of the Louisiana 
State University School of Medicine and Charity Hos- 
pital of Louisiana at New Orleans 

1 Neuberg, C , and Karczag, L Ueber zuckerfreie 
Hefegarungen IV Carboxylase, ein neues Enzym der 
Hefe, Biochem Ztschr 36 68-75, 1911 

2 Auhagen, E Ueber Co-Carboxylase Reinig- 
ungsrersuche und Vorkommen in tienschen Organen, 
Biochem Ztschr 258 330-339, 1933 

3 Lohmann, K , and Schuster, P Uebei das 
Vorkommen der Adenmnucleotide m den Geweben rote 
Blutkorperchen Das Molekulargewicht der AdenvI- 
pi rophosphorsaure, Biochem Ztschr 294 183-1S7, 1937 

4 Ochoa, S , and Peters, R A Vitamin Bi and 
Cocarboxylase in Animal Tissues, Biochem J 32 
1501-1515 (Sept) 1938 

5 Westenbnnk, H G K , and Goudsmit, J Im esti- 
mations on Aneurm and Cocarboxjlase Content ot 
Animal Tissues, Estimated by Thiochrome Method, 
Eimniologia 5 307-320, 1938 

6 Ochoa, S Enzjmic Santliesis of Cocarboxjlase 
m \mmal Tissues, Biochem J 33 1262-1270 (Aug ) 
1939 

7 Tauber, H Interaction of Vitamin Bi m Enzj mic 
Reactions, T Biol Chem 123 499-506 (April) 193S 


i ephosphorj lated by other tissues, or it may be 
excreted m the urine It is thus evident that 
vitamin Bj (thiamine) after absorption exists m 
two forms in the animal body eithei as free 
thiamine or as diphosphothiamine, most ot it 
occurring m the latter form Petei s 8 demon- 
strated that thiamine is essential in the me- 
tabolism of pyruvic acid Since pyiuvic acid is 
a degradation product of carbohydiate metabo- 
lism, the importance of thiamine can be leadily 
appreciated It should be remembeied, howevei, 
that free thiamine is inactive and that it is onh 
diphosphothiamine which is capable of oxidizing 
pyruvic acid to caibon dioxide and watei Since 
the hvei is an important storage depot for the 
active form of thiamine, namely diphospho- 
thiamine, seveial interesting questions piesent 
themselves What is the effect of thiamine on 
function of the liver, and what are the effects of 
diminished hepatic function on the physiologic 
availability of thiamine ? In this regard certain 
observations are of interest Tonutti and Wall- 
raff 0 have shown that the livers of Bj-deficient 
mice are lacking in glycogen This they said 
was due not to inanition but to inability of 
the livers of such mice to store glycogen Simi- 
lar observations were made by Hei mann 10 
in rats Longenecker and his co-workers 11 
found a diminution of fat m the livers of tln- 
amine-deficient rats The administration of thi- 
amine to such rats caused an increase in the 
amount of fat in the liver The purpose of the 
present study was to determine (1) the inci- 

8 Peters, R A Biochemical Lesion in Vitamin 
Bi Deficiency, Application of Modern Biochemical 
Analjsis in Its Diagnosis, Lancet 1 1161-1165 (Mat 23) 
1936 

9 Tonutti, E, and Wallraff, J Wirkstofte und 
Gh kogenspeicherungst ermogen der Leber, Ztschr l 
mikr-anat Torsch 44 532-550, 1938 

10 Hermann, V S Ueber den Ghkogengehalt der 
Leber Bi Twtaminotischer Ratten Ztschr l phiMol 
Chem 262 95-102 1939 

11 Longenecker, H E , Gatin G, and McHenrt 
E \V TaUt Acids Swithesized bt the Action ot 
Thiamine T Biol Chem 134 693-699 (Tult) 1940 
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dence of B x deficiency m patients proved to be 
suffering from hepatic disease and (2) the re- 
sponse of patients with hepatic disease to the 
administration of vitamin Bi 

METHODS AND MATERIALS 

A series of 32 patients suffering from various forms 
of hepatic disease was used Most of these patients 
showed definite jaundice of varying degree Routine 
studies of the blood, the urine and the stools were 
carried out The renal function and the blood levels 
of urea nitrogen and nonprotem nitrogen were deter- 
mined for each patient Hepatic function was estimated 
by the cephahn flocculation test, the intravenous hippuric 
■ test and the bromsulphalem test The pyruvic acid 
ntent of the blood was determined by the method 


the blood of 6 “normal” patients were . 
before and after the administration of equal 
of thiamine hydrochloride 

RESULTS 

Of 32 persons suffering from various fon 
of hepatic disease, 27 showed definite evid 
of vitamin Bj deficiency as revealed by elc 
of the blood levels of pyruvic acid These lei 
varied from 1 5 to 4 25 mg per hundred a 
centimeters (table 1 ) In the control series 
patients the blood levels of pyruvic acid vai 
from 0 5 to 13 mg per hundred cubic 
meters Further analysis of the data was 
dered difficult by tbe fact that in many j. 1 


Table 1 — Blood Levels of Pyruvic Acid in Hepatic Disease 
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of Lu l: with the Klett-Summerson photoelectric 
colorimeter Additional studies made were as to the 
Kline and the Kolmer reaction, the prothrombin con- 
tent of the blood, the nn den Bcrgli reaction the total 
serum proteins, the serum albumin and the serum 
globulin Roentgen studies of the gallbladder and of 
the gastrointestinal tract were carried out when indi- 
cated A control group of 30 surgical patients suffer- 
ing from minor ailments unassociated with fever was 
used (referred to later as “normal” patients) To 
determine the response of persons suffering from 
hepatic disease to the administration of vitamin Bi the 
blood levels of pvruvic acid were determined before, 
and three hours alter, the intramuscular injection ot a 
standard amount of thiamine hydrochloride Standard 
doses of 30 mg or 100 mg of thiamine lndrochloride 
were used As controls, the levels of pvruvic acid m 

12 Lu, G D Studies oa Mctaboli.ni ot Pvruvic 
Acid in ’ Normal and Vitamin B Deficient States 
Rapid Specific and Sensitive Method ot Estimation of 
Blood Pvruvate, Biocnem J 33 2~9-2:4 (Tcb ) 1039 


hepatic disease was accompanied by fever, n,a 
nutrition or both In an effort to evaluate t ><• 
effects of diminished hepatic function, fever an 
malnutrition on the blood levels of pyruvic 
the patients were arranged in four groups 
group 1 were 11 patients suffering from ’ lC P a ^ 
disease unaccompanied by fever or malnutn ' 10 
In group 2 were 10 patients suffering tr ° 
hepatic disease with fever but w lthout ma nu ^ 
tion In group 3 were 4 patients suffering r ° 
hepatic disease accompanied by malnutrition ^ 
not b) fev er In group 4 w ere 5 patients su Icr ^ ( 
from hepatic disease accompanied by f e ' cr . ( , 

malnutrition Each of these groups were u 

subdivided into (a) patients showing defim ^ 
dence of diminished hepatic function ns rev^ ^ 
bv te=ts for hepatic function and (b) P at,cr jJ r 
whom Mich tests revealed normal hepatic 
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tion The results are tabulated m table 2 In 
groups 1, 2 and 3 those patients with clinical 
eudences of diminished hepatic function showed 


Table 2 — Evaluation of Effects of Diminution oj 
Hepatic Function, Fever and Malnutrition on Blood 
Levels of Pyruvic Acid in Hepatic Disease 
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Without Fever or 
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Pyruvic 

Icid In 

Acid In 

Acid in 

Acid in 

Acid in 

Acid in 

Blood, 

Blood, 

Blood, 

Blood, 

Blood 

Blood 

Mg per 

Mg per 

Mg per 

Mg per 

Mg per 

Mg per 

100 Cc 

100 Cc 

100 Ce 

100 Cc 

100 Cc 

100 Cc 

30 

185 

2 25 

0 48 

28 

1 5 

20 

085 

4 25 

20 

22 


22 

14 

26 

23 

24 


18 

06 

30 

1 5 



1 8 

08 

25 





20 

15 




Av 216 

Av 125 

Av 2 6S 

Av 157 

Av 2 46 

Av 1 5 


Note— Data on group 4 (patients with fever and mainutri 
tion) are not included since all showed diminished hepatic 
unction 


table 3) Finally, if the patients are divided into 
two groups, those with decreased hepatic function 
and those with normal hepatic function, it is 
found that in the former group there are con- 
sistently higher blood levels of pyruvic acid and 
that the difference is statistically significant The 
second part of this investigation was concerned 
with a comparison of the response evidenced by 
reduction of the blood level of pyruvic acid to 
vitamin B x administered by intramuscular injec- 
tion to “normal” patients and to those suffering 
from hepatic disease 

The mean reduction in the pyruvic acid of the 
blood m “normal” patients three hours after the 
intramuscular injection of 50 mg of thiamine hy- 
drochloride was 0 28 ± 0 074 mg per hundred 
cubic centimeters Injection of equal amounts m 
patients with hepatic disease but with normal 
hepatic function resulted m a greater reduction 
of the pyruvic acid of the blood, the mean being 
0 6 ± 0 215 mg per hundred cubic centimeters 
This difference is statistically significant (hori- 
zontal column A table 4) However in patients 


Table 3 — More Detailed Statistical Analysis of Groups in Table 2 




Pyruvic Acid 





Number 

m Blood, 

Difference 




of 

Mg per 100 Cc 

Between 



Group 

Patients 

Mean 

Means * 

t 

P 

Patients with diminished hepatic function without fever 

5 

2 16 + 0 445 




Patients with diminished hepatic function with fever 

0 

2 65 ± 0 697 

0 52 

112 

>0 2 

Patients with normal hepatic function without fever 

6 

1 25 + 0 536 




Patients with diminished hepatic function without fever 

5 

2 16 ± 0 445 

0 91 

2 716 

<0 02 

Patients with diminished hepatic function without fever or malnutrition 

o 

2 16 + 0 445 




Patients with diminished hepatic function with malnutrition but no fever 

6 

2 46 ± 0 249 

03 

0 92 

>0 3 

Patients with normal hepatic function 

11 

1 3S + 0 595 




Patients with diminished hepatic function 

IS 

2 27 ± 0 537 

0 89 

4 009 

<0 01 


* Standard deviation = \l ^ P is derived from Fisher’s table of t (risher B A Statistical Methods for 

\ N 

'carch Workers London, Oliver & Boyd Ltd , 1938) The difference between the means of two groups i« significant if 
is <0 05 Correction v as made for small samples 


insistently higher blood levels of pyruvic acid 
his suggests that diminished hepatic function 
>av be one factor determining the elevation of 
ie blood level of pyruvic acid m disease of the 
ver A more detailed statistical analysis of 
lese groups is presented in table 3 In patients 
lving definite evidences of decreased hepatic 
inction fever does not appear to cause a sta- 
tical!} significant increase in the pyruvic acid 
the blood (column A table 3) Deci eased 
patic function is associated with increased con- 
nt of pyruvic acid in the blood This increase 
statistically significant (column B, table 3) 
! ie blood level of pyruvic acid in patients with 
creased hepatic function and malnutrition is 
>t significantly higher than that iri the group 
lliout evidences of malnutrition (column C 


with hepatic disease and decreased hepatic func- 
tion the mean reduction is only 0 13 ± 0 099 mg 
per hundred cubic centimeters This response is 
statistically not significantly different from that 
which occurred m “normal” patients (horizontal 
column B, table 4) This is borne out by a 
comparison of the response to 50 mg of thiamine 
hydrochloride m patients with normal hepatic 
function w ith that m patients w ho had decreased 
hepatic function In the former group the mean 
reduction of the pjrmic acid m the blood 
is significant!} greater (horizontal column C, 
table 4) 

As might be expected, the administration of 
100 mg of thiamine lndrochlonde to “normal” 
patients leads to a greater mean reduction of p} - 
rime acid in the blood 0 52^ 0 274 mg per 
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hundred cubic centimeters than does the admin- 
istration of 50 mg of thiamine hydrochloride 
(horizontal column D, table 4) Moreover, this 
reduction is greater than that occurring in pa- 
tients with decreased hepatic function (horizontal 
column E, table 4) The mean i eduction of 
pyruvic acid m the blood after administration 
of 100 mg of thiamine hydrochlonde is greater 
m patients whose hepatic function is normal, 
0 7 ± 0 353 mg per hundred cubic centimeters, 
than m those whose hepatic function is decreased, 
0 1 1 ± 0 07 mg per hundred cubic centimeters 
his difference is statistically significant (hori- 
zontal column E, table 4) 


m dogs, and Rhoads and Miller 10 found e\ • 
dences of hepatic dysfunction m dogs suffer" 1 
from experimentally induced “black tongue 
Apart from the reduction m the glycogen and < 
content of the liver m B x deficiency there appeal 
to be no evidence to suggest that B t deficient 
alone results in hepatic damage Our ies"'t 
on the other hand, indicate that the reveise siti 
ation may occur, namely, that hepatic damage 
predispose to a state of B x deficiency It is < 
interest to inquire into the mechanism where!) 
hepatic damage predisposes to Bi deficienci 
Clearly it is not due to a diminution of mtalr 
since this would affect all of the patients a™ 


Table 4 — Alto ation of Blood Levels of Pyruvic Acid m Conti ols* and m Patients with Hepatic Disc 

Aftei Parenteral Admmisti ation of Vitamin Bi 





Amount of 

Decrease in 







Thiamine 

Pyruvic 






Hydrochloride 

Acid 







Injected 

in Blood, 






Number 

Intrn 

Mg per 

Difference 





of 

muscularly. 

100 Cc , 

Between 




Group 

Patients 

Mg 

Mean 

Means t 

t 


A 

Controls 

5 

50 

0 28 -t- 0 074 



<00 j 


Patients with hepatic disease and normal hepatic function 

3 

50 

0 6 ±0 215 

0 32 

2 Of 

B 

Controls 

0 

50 

0 28 4- 0 074 



>0(0 


Patients with hepatic disease and diminished hepatic function 

3 

50 

013 ±0 090 

015 

214 

C 

Patients with hepatic disease and normal hepatic function 

0 

50 

0 0 4-0 215 


3 906 

<001 


Patients with hepatic disease and diminished hepatic function 

3 

50 

0 13 ± 0 099 

0 47 

D 

Controls 

2 

100 

0 52 -+- 0 274 


0 614 

>00 


Patients with hepatic disease and normal hepatic function 

i 

100 

0 7 ± 0 353 

01S 

r 

Patients with hepatic dl«ea*e and normal hepatic function 

4 

100 

0 7 -4-0 353 


2 78 

<00 j 


Patients with hepatic di'ea'e and diminished hepatic function 

0 

100 

0 11 ± 0 07 

1 0 59 


♦ Surgical patients with minor conditions unassoeiated with feier ( normal patients.) 
t Correction was made for small samples 


COMMENT 

Since these results indicate a state of vitamin 
B x deficiency in patients suffering from various 
diseases of the liver, the question arises Can a 
deficiency of wtannn B x itself produce hepatic 
carnage ? BisUmd and Biskind 13 have found that 
a deficiency of the wtannn B complex m rats 
diminishes the ability of their livers to inactivate 
implanted estrone (theelin) Gy orgy and Gold- 
blatt 11 found that the In ers of rats kept on a 
wtannn B-deficient diet undergo certain patho- 
logic changes, specifically fatty degeneration, focal 
and massn e necrosis, hy perenna and hemorrhage 
These changes uere due not to deficiency of wta- 
nnn Bj but to deficienci of some other part of 
the B complex possibh B, Other workers, 
also, Imc noted hepatic damage m animals fed a 
diet deficient m tactors of the B complex , c g , 
Sebrcll 13 produced fatty infiltration of the Iner 

13 Bnkinci MS aid Bialind G R Diminution 
in \biht\ oi the Lite- to Imcti\->te Estrone in Vitamin 
B Complex Deficiency Science 94 462 (No 14) 1941 

14 G'orgr, P, and GoMblait, H Hepatic Injun 
or a Nutritional Bas'* in Rat* T Txp"' Med 70 
1S5-1°2 ( \ug) 5 f CQ 


would not explain the difference in blood lev 
of pyruvic acid between patients presenting eu 
dences of diminished hepatic function and t io c 
presenting evidence of unaltered hepatic function 
There may be a defect m the absorption of 
mm B x from the intestine in patients with IC 
patic damage Machella and Elsom 14 found t w 
the urinary^ excretion of thiamine after it 3 
been administered orally' was lowered in patic>’ 
v ith portal cirrhosis of the liver They attribute 
this to diminished intestinal 
doubtedly, this may' play a role, 
not the only factor The data already presen c 
in this paper indicate that the reduction o P v 

15 Scbrell, W H “Yellow Liter" of D °S S 
Infiltration) Associated with Deficient Diets, 1 ‘ 

162, National Institute of Health, Umtec \ ,•> 
Treasury Department, Public Health Sen ice, 1 J 
23-35 

16 Rhoads C P and Miller, D K HcpaU^^ 
lunction m Dots Ted Diets Causatne of Blac! 

J Evpcr Med 67 46 3-467 (March) 1938 ^ 

17 Machella T E, and Elsom, K O r 

Excretion oi Ingested Thiamine in 516 

Chronic Hepatic Disease, Am J M Sc -0 D ' 
(Oct) 1941 


absorption o 

but it is probabh 
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ruvic acid m the blood alter administration of 
thiamme is significantly less m patients with re- 
duced hepatic function than in those whose 
hepatic function is normal This would suggest 
that the liver itself may be at fault Since phos- 
phorylation of vitamin takes place in the liver, 
as has been shown by Ochoa and Petei s 4 and by 
Westenbnnk and Goudsmit, 5 it is suggested that 
phosphorylation of vitamin B 1 is diminished m 
certain forms of hepatic disease Thus, less thi- 
amine would be available physiologically for utili- 
zation by the tissues, leading to an elevation of 
the blood level of pyruvic acid and to other evi- 
dences of vitamin B x deficiency 

SUMMARY AND CONCLUSIONS 

Thirty-two patients suffering from various 
forms of hepatic disease were studied as was also 
a control group of 30 surgical patients who had 
minor conditions unassociated with fever (“nor- 
mal” patients) Vitamin Bj deficiency as revealed 


by elevated blood levels of pyruvic acid was pres- 
ent m 28 of the 32 patients Fever, malnutrition 
and diminished hepatic function, as determined 
by various clinical tests, frequently accompany 
hepatic disease The reduction of hepatic func- 
tion appears to be the most significant etiologic 
factor underlying the elevation of the blood level 
of pyruvic acid m such patients Following the 
intramuscular injection of a standard dose of 
thiamine hydrochloride, the pyruvic acid in the 
blood diminishes both in normal persons and in 
patients with hepatic disease The decrease m 
the pyruvic acid of the blood after administration 
of vitamin Bj is significantly less when hepatic 
function is diminished It is suggested that he- 
patic disease when associated with diminished 
hepatic function is a primary factor in inducing a 
state of vitamin Bi deficiency, because of dimin- 
ished hepatic capacity to phosphorylate vitamin 
B t and thus lender it available for utilization by 
the tissues 



VITAMIN B x NUTRITION IN SURGICAL PATIENTS AS DETERMINE 
BY THE BLOOD LEVEL OF PYRUVIC ACID 


II THYROID DISEASE 


HARRY A DAVIS, MD, and FRANZ IC BATJER, MD 

NEW ORIFANS 


A considerable diversity of opinion exists re- 
garding the relationship between vitamin B 2 and 
the function of the thyroid gland It was not 
until Cowgill 1 demonstrated that the vitamin B t 
lequirement of man is increased by elevation of 
the metabolic rate that the role played by this 
vitamin m thyrotoxicosis became the subject of 
much study The purpose of the present inves- 
tigation was to determine the nutritional status 
with respect to vitamin B x of persons suffering 
from toxic and nontoxic thyroid disease The 
consistent rise in the pyruvic acid of the blood 
in vitamin B x deficiency provides a quantitative 
method of estimating the extent of this deficiency 

METHODS AND MATERIALS 

Immediately on admission of the patient to the hos- 
pital the pyruvic acid content of the blood was deter- 
mined by the method of Lu - with a Klett-Summerson 
photoelectric colorimeter Hepatic function was esti- 
mated by the intravenous hippuric acid test or by the 
galactose tolerance test Metabolic and blood chemical 
studies were carried out routinely on all of the patients 
with thyroid disease A scries of 23 patients was used, 
of whom 16 were suffering from toxic and 7 from 
nontoxic thyroid disease A control series was used 
consisting of 30 surgical patients suffering from various 
minor ailments unassociated with fever All of the 
patients having thyroid disease were subjected to opera- 
tion, so that it was possible to aerify histologically the 
lesion in each gland All of the thy rotoxic patients 
were placed on a high carbohydrate, high protein and 
low fat diet (2,000 calories daily) 

RESULTS 

The control scries was composed of 14 white 
and 16 Negro patients suffering from minor non- 
tcbrile conditions and varjing m age from IS to 
60 ) ears In this group the pyruvic acid content 
of the blood ranged from 0 5 mg to 1 3 mg per 
hundred cubic centimeters These values are 
somewhat higher than thos^ obtained bv Lu 2 but 

From the Department ot Surgcrv of the Louisiana 
State Umvcraitv School oi Medicine and Charitv Hos- 
pital of Louisiana at New Orleans 

1 Cowgill, G R Vitamin B Requirement of Man 
yew Haven Com 'iale Umvcrsitv Press, 1934 

2 Lu, G D Studies on Metabolism oi Pvruvic 
Vcid in' Normal ana \ ttamin Bj-Dcficicnt States 
Rapid Specific and Scn-itnc Mctnod for Estimation 
of Blood Pvruvatc, Bioclcm I 33 2-9 254 (rcb) 1939 


are similar to those found by Bueding and We 
tis 3 Seven patients with nontoxic goiter 
lubited blood levels of pyruvic acid varying fn 
0 45 mg to I 3 mg per hundred cubic centunetci 
In 16 cases of thyrotoxicosis associated with nc 
ular or diffuse goiter the pyruvic acid content 
the blood varied from 1 45 mg to 3 5 mg t 
hundred cubic centimeters (table 1) While alb 
these values were definitely raised, there did n < 
appear to be an exact correlation between the » 
crease of the metabolic rate or of the pulse U 
and that of the pyruvic acid in the blood (P 1 
1 ) Likewise, there did not appear to be 


Table 1 — Blood Levels of Pyruvic Acid in 
Thyrotoxicosis 


Patient 

Color 

Age 

Sex 

Type ot 
Goiter 

Pulse 

Rate 

D 

M 

Negro 

18 

F 

Diffuse toxic 

120 

N 

H 

Negro 

27 

p 

Diffuse toxic 

140 

R 

G 

Negro 

32 

p 

Diffuse toxic 

116 

W 

S 

Negro 

21 

M 

Diffuse toxic 

100 

L 

R 

Negro 

54 

P 

Diffuse toxic 

140 

M 

T 

White 

23 

P 

Diffuse toxic 

130 

R 

B 

White 

27 

M 

Nodular toxic 

120 

B 

r 

White 

27 

M 

Diffuse toxic 

120 

M 

G 

White 

65 

M 

Nodular toxic 

120 

0 

D 

White 

39 

r 

Diffuse toxic 

124 

O 

B 

White 

AS 

F 

Nodular toxic 

100 

h 

G 

White 

19 

p 

Diffuse toxic 

120 

M 

r 

White 

40 

p 

Diffuse toxic 

140 

M 

G 

Negro 

62 

r 

Diffuse toxic 

124 

r 

H 

Negro 

26 

F 

Diffuse toxic 

130 

0 

F 

Negro 

56 

F 

Diffuse toxic 

140 


t *u. 

Add 
Basal la 
Meta ox 

belle Me 

Kate lW 1 ' 


+72 

+7o 

+2a 

+19 

+60 

+69 

+38 

+14 

+ol 

+« 

+15 

+3S 

+28 

+"0 

+30 

+50 


15 

16 
lfc 

1 s 
10 ) 
35 

15 
12 
«!» 
ID 

16 
12 
19 
IS 
" I 
"t 


correlation between the pyruvic acid content o 
the blood and the type of toxic goiter presen ^ 
whether diffuse or nodular These data 
to suggest that \ itamin B 2 malnutrition 
] atients suffering from thyrotoxicosis as re' ca 
b> elevation of the blood levels of pyruvic 

It was now necessary to investigate the c ^ 
of treatment on the blood levels of pyruvic** 
hor this purpose two groups of patients 
used To one group strong solution o 10 
U S P and vitamin T5 l (thiamine bj roc 

3 Bucchng, E, and Wortis, H The I 
md Determination of Pvruvic Acid in the 
Piol Chun 133 =85-591 (April) 1940 
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ride) veie given in addition to the diet already 
described The second gioup received the same 
diet and strong solution of iodine U S P only 
The results obtained in these two groups are 
illustrated in table 2 Before ti eatment the mean 
value for pyruvic acid m the blood of 1 1 patients 
was 1 S4 ± 0 563 mg per hundred cubic centi- 
meters After treatment with strong solution of 
iodine (0 9 cc thiee times a day) and thiamine 
hydrochloride (10 mg three times a day) the 
value for pyruvic acid in the blood dropped to 
1 12 ± 0 302 mg pei hundred cubic centimeters 
This difference in values for pyruvic acid is sta- 
tistically significant (table 2) and is not due to 
errors of sampling The second group of patients 
before treatment had a mean value for pyruvic 
acid in the blood of 2 0 dh 0 228 mg per hun- 
dred cubic centimeters After treatment with 


tions of the pyiuvic acid in the blood of thyro- 
toxic patients were affected by race No signifi- 
cant difference could be found between white and 
Negro patients (table 2) 

COMMENT 

The results which have been presented strongly 
suggest that a disturbance of the carbohydrate 
metabolism leading to an accumulation of pyruvic 
acid in the blood occurs m thyrotoxicosis A 
considerable amount of speculation has arisen re- 
garding the exact role played by vitamin Bj^ 
deficiency in thyrotoxicosis Certain workers, 
such as Sure and Buchanan 4 and Peters and 
Rossiter, 6 have expressed the belief that vitamin 
Bj physiologically counteracts the effects of thy- 
roxin On the other hand, Elmer and his co- 
workers, 0 Gentzen and Mohr 7 and Parade 8 can- 


Table 2 — Response of Blood Levels of Pyruvic Acid in Thyrotoxic Patients to Treatment 





Number 

Pyruvic Acid nn 

Difference 






of 

Blood Mg per 

Between 



Hina of Determination in Relation to Treatment 


Patients 

100 Cc , Mean 

Means * 

t 

P 

hho patients (before treatment) 



8 

1 975 ± 0 623 


0 631 

>0 05 

legro patients (before treatment) 



8 

1 812 ± 0 279 

0163 

leforo treatment 



11 

184 ±0 563 




fter treatment (thiamine hydrochloride and strong 
lodino U S P ) 

solution 

of 

11 

112 ±0,302 

0 72 

3 62 

<0 01 

efore treatment 



5 

2 0 ± 0 22S 




fter treatment (strong solution of Iodine DSP) 



5 

164 ±01 

0 36 

29 

<0 02 

efore thyroidectomy 



10 

116 ±0 31 

0 ID 

2 73 


days after thyroidectomy 



10 

135 ±0 23 

<0 02 





Decrease In Blood 







Pyruvic Acid, Mg per 







100 Ce , Mean 




fter treatment (thiamine hydrochloride and strong 
iodine U S P ) 

solution 

of 

11 

0 60 ±0 33 




ter treatment (strong solution of Iodine DSP) 



5 

0 30 ±017 

03 

1754 

>0 05 


* Correction has been made for small samples F Is derived by use of Fisher's table of t (Fisher, R A Statistical Methods 
>r Research Worms, London, Oliver & Boyd Ltd 1938) The difference between the means of two groups Is significant 
P Is <0 05 


rong solution of iodine U S P alone the value 
>r pyruvic acid fell to 1 64 ± 0 1 mg per hun- 
r ed cubic centimeters This decrease is sta- 
stically significant and not due to errors of 
tmpling (table 2) In both groups there was 
concomitant reduction of the basal metabolic 
ite and pulse rate, but this reduction was not 
lantitatively related to the fall in the blood 
/ruvic acid A comparison of the blood levels of 
/ruvic acid after treatment with strong solution 
iodine U S P only and after treatment with 
‘is solution plus vitamin B x shows that there is 
3 significant difference (table 2) Eight days 
ter subtotal thyroidectomy had been performed 
e blood levels of pyruvic acid were again deter- 
ined At this mtei val after thyroidectomy some 
itients exhibited a fall m pyruvic acid Hov- 
er, many showed an elevation which was sta- 
tically significant (table 2) Finall) , it w as of 
terest to determine whether or not the eleva- 


not find any physiologic antagonism between 
vitamin B x and thyroxin The controversy is still 
unsettled Drill 0 has shown that the amount of 
vitamin B x in rat tissues is reduced by feeding 
thyroid gland It is well known that a dinunu- 

4 Sure, B, and Buchanan, K S Antithjrogenic 
Action of Crystalline Vitamin Bi, J Nutrition 13 
513-519 (May) 1937 

5 Peters, R A, and Rossiter, R J Tlnroid and 
Vitamin Bi, Biochem J 33 1140-1150 (July) 1939 

6 Elmer, A W , Giedosz, B , and Scheps, M 
L’action de la ntamine Bi dans l’hj perth) reose experi- 
mentale, Compt rend Soc de biol 126 1037-1038, 1937 

7 Gentzen, G , and Mohr, T Experimenteller Bei- 
trag zur Frage der Beziehungen zwischen Vitamin Bj 
und Schilddruse, Klin Wclinschr 17 1243-1245 (Sept 
3) 1938 

S Parade, G \V Der Emfluss der Schilddruscn- 
rerabreichung bei Hunger und Vitamin Bi-Mangel, 
Ztschr f Vitammforsch 7 40-45 (Jan) 1938 

9 Drill, V A The Effect of Experimental Hjper- 
thjroidism on the Vitamin Bi Content of Some Rat 
Tissues, Am J Phrsiol 122 4S6-490 (Ma%) 1Q38 
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tion of hepatic function frequently is present in 
thyrotoxicosis The question arises Is this dim- 
inution related to the disturbance of carbohy- 
drate metabolism either as a cause or as an effect ? 
Drill and his co-workers 10 have presented evi- 
dence indicating that the reduction of hepatic 
function in dogs with hyperthyroidism can be 
delayed by supplemental administration of vita- 
i B a and yeast The relationship of vitamin 
\ to hepatic function and hepatic disease has 
been discussed more fully in the first paper of 
this series Certain other factors are present in 
thyrotoxicosis which serve to intensify the nutri- 
tional deficit with respect to vitamin B x Hardt 
and Still 11 have shown that 5 to 15 per cent of 
ingested vitamin B t is lost in the sweat Since 
patients with thyrotoxicosis perspire freely, a 
considerable amount of vitamin Bj may be lost 
m this way This loss is not compensated for by 
diminution in the output of vitamin B 1 in the 
urine Another factor accentuating the lack of 
vitamin B x is the high carbohydrate diet which is 
customarily administered to such patients prior 
to operation Environmental temperatures affect 
vitamin B x requirements Mills 12 has pointed 
out that the higher the environmental tempera- 
ture the greater the need for vitamin B x He has 
estimated that the optimal requirement for vita- 
min Bj. per gram of food is twice as high at 
91 F as it is at 65 F The intolerance of the 
severely thyrotoxic patient for heat and the well 
known increased tendency toward thyroid crisis 
exhibited during the summer by thyrotoxic pa- 
tients living in tropical and subtropical climates 
may be due in part to a heat-accentuated defi- 
ciency of vitamin Bj In the data which we 
have presented the group of patients receiving 
vitamin B l in addition to strong solution of iodine 
TJ S P did not show a greater diminution of 
pulse rate or of metabolic rate than did the group 

10 Drill, V A , and Haj s, H W Studies on the 
Relation of the Lner Function, Pulse Rate and Tem- 
perature of Hj pcrthj roid Dogs to Vitamin Bi and 
Yeast, Am J Phtsiol 136 762-771 (July) 1942 Drill, 
V A., Schaffer, C B, and Overman, R Liver Func- 
tion, Pulse Rate and Temperature of Hyperth} roid 
Dogs, ibid 138 370-377 (Jan ) 1943 

11 Hardt, L L, and Still, E U Thiamin in 
Sweat, Proc Soc Expcr Biol & Med 48 704-707 
(Dec.) 1941 

12 Mills, C A Environmental Temperatures and 
Thiamine Requirements, Am J Phjsiol 133 525-531 
(Julv) 1941 


of patients who received only strong solution ot 
iodine This is in agreement with the work of 
Frazier and his co-workers 13 

The elevation of the blood level of pyruvic acid 
exhibited by some patients dunng the first fen 
days after subtotal thyroidectomy merits further 
discussion This suggests that subtotal thyroid 
ectomy itself may precipitate a minor degree of 
vitamin B x deficiency Pollack and his co-work- 
ers 14 have reported the occurrence of ariboflavi- 
nosis after surgical operation Our results would 
seem to indicate the advisability of administering 
increased amounts of vitamin Bi and possibly of 
other members of the B complex to thyrotoxic 
patients after surgical operation 

SUMMARY AND CONCLUSION 

The nutritional status with respect to vitamin 
B t of 23 patients suffering from thyroid disease 
was studied A control series of 30 relative)! 
normal patients was used The blood level of 
pyruvic acid in the control patients ranged from 
0 5 mg to 1 3 mg per hundred cubic centimeters 
Seven patients suffering from nontoxic goiter 
showed blood levels of pyruvic acid varying from 
0 45 mg to 1 3 mg per hundred cubic cent! 
meters, which are normal values Sixteen patients 
suffering from toxic diffuse goiter or toxic nodu 
lar goiter revealed blood levels of pyruvic acid 
which varied from 1 45 mg to 3 5 mg per hun- 
dred cubic centimeters 

No significant differences were noted between 
the blood levels of pyruvic acid in Negro and in 
white patients The administration of strong 
solution of iodine U S P alone results m a defi- 
nite reduction of the pyruvic acid in the blood 
Similarly, the administration of this solution and 
vitamin B t results in a decrease m the pyruvic 
acid of the blood, this decrease being statistical!' 
significant Subtotal thyroidectomy may induce 
temporarily an increased need for vitamin B, as 
revealed by postoperative elevation of the blood 
level of pyruvic acid 

13 Frazier, W D , Brown, R B, and Vars, H M 
The Influence of the B Complex and Certain of 
Components on Experimental and Clinical Hipcrt' 1 ' 
roidism, Tr Am A Study Goiter, 1939, pp 

14 Pollack, H, Ellenberg, M, and Dolgcr, H 
Postoperatne Precipitation of Vitamin B ConjP^- 
Dcficiencics J Mt Sinai Hosp 8 925-932 (Jin -Ic 
1942 
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It has been shown in pievious papers that 
persons suffering from hepatic disease or from 
toxic thyioid disease present evidence of vita- 
min Bi malnutrition as revealed by the blood 
levels of pyruvic acid The present paper is con- 
cerned with a study of persons suffering from 
renal disease, neoplastic disease and infection 

RENAL DISEASE 

The kidney plays a significant role in the 
metabolism of vitamin B, Greater amounts of 
this vitamin are present m the liver, heart, brain, 
muscles and kidneys than in other tissues The 
kidneys excrete a considerable quantity of the 
utamin daily This excretion continues, but 
to a lesser extent, even in the presence of vita- 
min Bj deficiency Finally, renal tissue is one 
ot the tissues which can convert vitamin B x into 
cocarboxylase (Westenbrmk and Goudsmit 1 ) 
In view of these facts the question arises In 
the presence of renal disease is there diminished 
phosphorylation and excretion of vitamin Bi by 
the kidneys ? Eleven patients with various forms 
of renal disease were studied Blood levels of 
pyruvic acid were determined by the method of 
Lu 2 The usual tests of renal function were 
carried out The results are given in table 1 
It will be noted that in this series of 11 patients 
only 2 presented elevated blood levels of pyruvic 
icid One of them was anuric Since this 
patient was receiving dextrose infusions, the 
ncrease of pyruvic acid in his blood cannot he 
'onsidered significant Despite marked azo- 
emia and other evidences of severe failure of 
enal function in many of these patients the 
ilood levels of pyruvic acid did not indicate the 
Presence of vitamin B, deficiency This may be 

From the Department of Surgery of the Louisiana 
itate University School of Medicine and Charity Hos- 
'ital of Louisiana at New Orleans 

1 Westenbrmk, H G K, and Goudsmit, J In\es- 
igations on Aneurm and Cocarboxjlase Content of 
mimal Tissues, Estimated bj Thiochrome Method, 
nz\ niologia 5 307-320, 1938 

2 Lu, G D Studies on Metabolism of Pyrunc 
cil in Normal and Vitamin Bi-Deficient States 
apid Specific and Sensitne Method of Estimation of 
lood Pjrmate, Biochem J 33 249-254 (Feb) 1939 


significant m view of the fact that 5 of the 11 
patients showed definite signs of malnutrition 
The possibility must be considered that there 
is diminished excretion of thiamine hydrochloride 
when a diminution of renal function is present 

NEOPLASTIC DISEASE 

Relatively few studies have been made of the 
relationship of vitamin Bj to malignant neo- 
plastic disease Bischoff and Long 3 reported 
that vitamin B x did not affect the rate of tumor 
growth in mice although it did affect the nutri- 
tional status and somatic growth of these animals 
Masayama and Yokoyama 4 found that rats with 
experimentally produced carcinoma of the hvei 
had greater amounts of vitamin B, in the liver, 
spleen, heart and muscles than did normal rats 
They also noted that vitamin B x was present in 
the cancer itself These findings are in direct 
contrast with those of Schneider and Burger 5 
who, using the thiochrome method of Jansen, 
found a reduction of the vitamin B x content of 
the urine and the blood serum of patients with 
cancer The question arises Is a deficiency 
of vitamin B* present m patients with malignant 
neoplastic disease 7 In order to answer this 
question, a series of 19 patients with various 
forms of cancer was studied The data are pre- 
sented in table 2 The patients were divided 
into three groups group 1, patients with cancer 
who had neither fever nor malnuti ition , group 2, 
patients having either fever or malnutrition , 
group 3, patients presenting fever and malnutri- 
tion In group 1 were 9 patients Their pyruvic 
acid levels varied from 0 5 mg to 2 25 mg per 
hundred cubic centimeters of blood, the mean 
was 1 31 ± 0 598 mg This figure represents 

3 Bischoff, F, and Long, M L The Relation oi 
the Vitamin B Complex to Tumor Growth, \m J 
Cancer 37 54-58 (Sept ) 1939 

4 Masajama, T, and Yokoiama, T Ueber den 
Gelialt an Aneurin some Co-Carbo\\Iase lm Krebs- 
gewebe und in \ erscluedenen Organen der Leberkrebs- 
ratte, Gann 34 178-179 (June) 1940 

5 Schneider, E , and Burger, A Der Vitamin-Bj- 
Spiegcl m Blut und Unn and seme Veranderungen bei 
den Hipertlnreosen und bei der Krebskachexie, Klin 
V chnschr 17 905-907 (June 25) 1938 
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the upper limit of the normal level The figures 
indicate that vitamin jE^ deficiency is not a con- 
stant finding m persons suffering from malig- 
nant neoplastic disease unaccompanied by fever 
or malnutrition In group 2 were 8 patients 
with cancer and definite evidences of malnutri- 
tion but without fever Their blood levels of 
pyruvic acid varied from 1 5 mg to 4 25 mg 
per hundred cubic centimeters, the mean level 
being 1 88 ± 0 897 mg These data indicate 


Of 19 persons suffering fiom malignant neo- 
plastic disease, 14 presented vitamin Bj malnu- 
trition as shown by elevated blood levels oi 
pyruvic acid This appears to be due in part 
at least to associated malnutution or fever 
V itamin B! malnutrition in malignant neoplastic 
disease may result also from deficient ingestion, 
digestion, absorption or utilization of vitamin B, 
The data (table 2) do exhibit a trend pointing 
to a relationship between the duration of the 


Table 1 — Blood Levels of Pyruvic Acid in Renal Disease 


Patient 

Ago 

Diagnosis 



Blood Phenol 
Blood GO: suiphon 

Urea Combining thulcln 
Nitrogen, Power, Test, 
Mg per Yol per per 

Pyruvic 
Acid in 
Blood, 
Mg per 

Fever 

Nutrition 

lOOCc 

Cent 

Cent 

100 Cc 

White rf 

42 

Malignant hypertension with renal insufficiency 

0 

Poor 

65 0 

SO 

65 

OPa 

W Lite rf 

12 

Chronic glomerulonephritis 

0 

Poor 

13 4 

60 

76 

06 

White rf 

20 

Mercury bichloride poisoning 

0 

Good 

000 

22 

Anurin 

10 

White rf 

6G 

Chronic glomerulonephritis 

0 

Good 

22 8 

45 

00 

Negro rf 

81 

Crinarj retention due to prostatic carcinoma 

0 

Good 

86 

26 

SO 

2 25 

White rf 

15 

Acute glomerulonephritis 

+ 

Good 

21 

SO 

40 

05 

Negro $ 

10 

Acute glomerulonephritis 

0 

Poor 

81 

85 

30 

08 

Negro 9 

21 

Acute glomerulonephritis 

0 

Poor 

26 

30 

40 

06 

Negro 9 

27 

Chronic glomerulonephritis 

0 

Good 

42 

35 

26 

10 

Negro rf 

05 

Urinary retention due to prostatic hypertrophy 

0 

Good 

SO 

44 

45 

10 

Negro rf 

Go 

Urinary retention due to carcinoma oi bladder 

+ 

Poor (reeclv 
mg dextroso 
Infusions) 

61 

22 

Anuria 

28 




Table 2 — Blood Levels of Pyruvic Acid in 

Malignant Neoplastic Disease 


Patient 

Age 

Diagnosis 

Duration of 
Symptoms 

Fever 

Nutrition 

Pyruvic Acid 
in BloDd. Mg 
per 100 Ce 

Negro 9 

45 

Carcinoma oi uterus 

2 mo 

0 

Poor 

« 

Negro 9 

53 

Carcinoma of uterus 

6 mo 

0 

Good 

12 

White 9 

67 

Cnreinomn of breast, grado III 

6 mo 

0 

Poor 

1 6* 

Negro 9 

45 

Carcinoma of breast grade IV 

8 mo 

+ 

Poor 

26 

Negro 9 

63 

Carcinoma of ovary with metastascs 

2 yr 

0 

Poor 

4 2o 

White rf 

49 

Hepatoma 

Ohio 

0 

Good 

SO* 

Negro rf 

CC 

Cnreinomn of rectum 

1 yr 

0 

Good 

10 

Negro rf 

07 

Carcinoma of bladder 

2 yr 

0 

Poor 

17* 

W liitc rf 

69 

Sarcoma of thigh 

3 mo 

0 

Good 

06 

White 9 

32 

Fibrosarcoma of thigh 

1 jr 

0 

Good 

10 

VV liitc rf 

43 

Carcinoma of head of pancreas 

IS mo 

+ 

Poor 

28 

Negro rf 

SI 

Curcinomn of prostate gland 

3 yr 

0 

Good 

2 25 

Negro rf 

63 

Carcinoma of rectum 

1 yr 

0 

Poor 

15 

White rf 

55 

Retroperitoneal sarcomn 

1 yr 

0 

Good 

0 48 

White rf 

12 

Retroperitoneal sarcoma 

0 mo 

0 

Good 

16 

Negro rf 

52 

Carcinoma of stomach 

3 mo 

0 

Poor 

16* 

White rf 

60 

Carcinoma of stomach 

1 sr 

0 

Poor 

16* 

Negro 9 

63 

Carcinoma of stomach 

6 mo 

0 

Poor 

16* 

Negro 9 

S3 

Carcinoma of stomach 

3 mo 

0 

Good 

18 


* Thc'o patients received vitamin Hi 'upp’ements daily 


that persons suffering from cancer accompanied 
b\ malnutrition but not b) fever hare vitamin Bj 
malnutrition, as mealed bj consistent!) elevated 
blood levels of pv rtn ic acid The significance 
of these figures is increased when it is noted that 
5 of the S patients were receiving supplemental 
thiamine hv drochloride in doses of 5 to 10 mg 
three times a da\ In group 3 there were onl\ 
2 patients In both of these the blood levels of 
pvruvic acid were elevated, the average being 
2 65 0 15 mg per hundred cubic centimeters 

As might be expected, these patients showed 
more evidences of vitamin B s malnutrition than 
did the patients of cither group 1 or group 2 


disease and the increase of pyruvic acid in the 
blood This relationship docs not appear in 
all instances 

INFECTION 

There have been few studies of the nutritional 
status with respect to vitamin B, of persons 
suffering from infection associated with fever 
Tangan/ using Schopfer's method, noted a 
decrease in the vitamin B, content of the blood 
m acute experimental peritonitis For these 

6 Tangan C Comportamcnto dellc utaminc del 
'wguc ntllc pcritoniti acute sperimcntali, Med sp'T 
Arch ital G 169-178 (March) 1940 
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reasons a series of 38 patients with various types 
of infection was investigated to determine the 
presence or the absence of vitamin deficiency 

Table 3 — Influence of Suigical Infections on Blood 
Levels of Pyuivic Acid 


Patient 
Set Age 


Pyruvic 
White Acid in 
Duration Blood Blood, 
of Cells per Mg per 
Diagnosis Tever Cu Mm 100 Cc 


d 

d 

d 

d 

9 

9 

9 

9 

9 

9 

9 

d 

9 

d 

d 

d 

d 

d 

9 

9 

d 

9 

9 

9 

9 

V 

9 

9 

9 

d 

d 

9 

d 

d 

9 

9 

9 


22 

67 

4a 

45 

20 

17 

20 

17 
28 

21 

15 

03 

21 

18 

17 
27 
43 
22 
51 
22 

18 
20 
29 

24 

37 

10 

01 

31 

50 

28 

43 

13 
00 

14 

32 

62 

32 

20 


Postoperative infection 
Extravasation of urine 
A< 1 1 to appendicitis 
Perineal abscess 
Acute pelvic inflammatory 
disease 

Acute pelvic inflammatory 
disease 

Acute pelvic inflammatory 
disease 

Acute uppcndlcltis 
Acute pelvic inflammatory 
disease 

Acute pelvic inflammatory 
disease 

Acute, appendicitis 
EMravnsation of urine 
Acute appendicitis 
Acute appendicitis 
Acute appendicitis 
Acute appendicitis 
Drctlirltis 

Postoperative infection 
Perirectal abscess 
Acute pelvic inflammatorj 
disease 

At nit appendicitis 
Incomplete septic abortion 
Acnti pelvic Inflammatory 
disease 

Aiiiu pelvic inflammatory 
disease 

Pu-i operative infection 


disease 

Duinctic gangrene 
Acute thrombophlebitis 


Ji itintis 

Closed space Infection of 
finger 

Abscess of lung 
Abscess of lung 
Acute osteomyelitis of skull 


1 day 
1 day 
1 day 
1 day 
1 day 

1 day 

1 day 

1 day 

2 days 

2 days 

2 days 
2 days 
2 days 
2 days 
2 days 
2 days 
2 days 

2 days 

3 days 
3 days 

3 days 
3 days 
3 days 

3 days 

4 days 

4 days 

5 days 

6 days 

6 days 
6 days 
6 days 

6 days 
G days 

7 days 
7 days 

18 days 
36 days 
18 days 


8,600 
12,000 
11 000 
18,600 
10,000 

15,100 

10,000 

11,000 

8,100 

8 600 

16,000 
10,000 
10,500 
9 600 
12,000 
11 000 
0 500 

10 000 
7,800 

8 600 
18 000 
10,000 


7,200 

6,800 

9,000 

12,000 

14,000 

9 000 

9.000 

7.000 
5 800 

12 000 
8 000 
10 000 


1 6 
18 
1 2 
06 
10 

17 

1 2 

10 

10 

1 3 

1 3 
1 5 
08 
1 6 
1 2 
10 
08 
1 5 
1 2 

09 

16 

15 

16 

13 

19 

08 

1 7 
145 

1 6 
05 

10 
22 

2 1 
1 2 
12 

10 * 
1 7 * 
1 5 * 


vltnm| l n'Bi P! ' t,CntS Wcre rece,vin £ supplemental amounts of 


In table 3 the patients have been grouped accord- 
ing to the duration of fever Of 35 patients 
laving fever lasting from one to seven days, 15 


expected to occur among the normal hospital 
population None of these patients received 
supplemental vitamin B x Thiee patients having 
various types of infection with fever lasting more 
than seven days all showed elevated blood levels 
of pyruvic acid despite the fact that all were 
receiving supplemental vitamin Bj (table 3) 

No statistically significant differences in blood 
levels of pyruvic acid appear between white and 
Negro patients (table 4) If our observations 
are confined to patients having infection with 
fever of a duration not exceeding seven days, 
it appears fiom the data presented that the dura- 
tion of fever is not a significant factor in pro- 
ducing an elevation of the blood level of pyruvic 
acid Thus, 26 patients with fever lasting from 
one to four days showed a mean value for 
pyruvic acid of 1 26 ± 0 337 mg per hundred 
cubic centimeters, whereas 9 patients with fever 
of five to seven days’ duration had a mean value 
for pyruvic acid of 1 42 ± 0 502 mg per hun- 
dred cubic centimeters There is no statistically 
significant difference between these two values 
(table 4) As has already been stated, 15 of 
35 patients had elevated blood levels of pyruvic 
acid Comparison of these levels with those of 
the remaining 20 patients leveals a significant 
difference since P is < 0 01 (table 4) The 
factors leading to abnormally high levels of pyru- 
vic acid in the presence of infection with fever 
of short duration are not clear There does not 
appear to be any correlation between such levels 
and the degree of constitutional reaction to infec- 
tion as exemplified by the leukocyte count (table 
3) The extent of tissue involved in the inflam- 
matory process may be a factor influencing the 
level of pyruvic acid Elevated levels appear to 
occur more frequently m association with post- 
operative febrile disturbances and infections 
(table 3) Certain of these patients might have 
been in a state of vitamin Bj malnutrition before 
the onset of infection Undei such circum- 


Table 4 — Effect of Surgtcal Infections on Blood Levels of Pyruvic Acid 


— 

Number 

Pyruvic Acid in 

Difference 




of 

Blood Mg per 

Between 



Groups 

Patients 

100 Cc , Mean 

Means 

t 

P* 

heern T!! Cn l 6 Wlth fevcr ]astln B 1 to 7 days 

6 o pntients with fever lasting 1 to 7 days 

12 

1 27 -+- 0 3S7 




23 

1 31 ± 0 3S7 

OW 

0377 

>0 7 

25£!i: '"'‘I!' * cvcr idling l to 7 days-group a 
w, th fever lasting 1 to 7 days — group b 

20 

Id 

1 01 ± 0 23 

2 67 ± 0 222 

0 6G 

60 

<0 01 

Patient w !!!l fcver 1 to 4 dnys 

tients with fever lasting 5 to 7 days 

26 

9 

1 26 ± 0 337 

1 42 ± 0 602 

016 

OSS 

>0 3 


ltd trom Fisher’s table of t (Fisher R A Statistical Methods for Research Workers London Oliver A Boyd 

ivooj In comparing two groups p is significant If it 1= <0 0a 


s owed definite elevation of the blood level of stances the pjruvic acid let els might become 
Pyrin ic acid This is certainly a higher met- elevated more readil) This could explain the 
aence of vitamin B, deficiency than might be occurrence of abnormalfi high blood levels of 
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pyruvic acid in 3 of S patients after fever of otih 
one day’s duration (table 3) 

CONCLUSIONS AND SUMMARY 

The blood le\els of pyruvic acid have been 
studied in three groups of patients In a senes 
of 11 persons suffering from various foims of 
renal disease the pyruvic acid in the blood was 
not increased despite the fact that azotemia was 
present in many of these patients One patient 
with anuria and uremia showed a normal blood 
level of pyruvic acid In only 2 patients was 
the blood level of pyruvic acid elevated One 
of these patients had fever, to which the eleva- 
tion of blood p} ruvic acid could be attributed 
The second patient was receiving dextiose infu- 
sions, and this could explain the elevation of 
the pyruvic acid m his blood These facts sug- 
gest that renal disease even when associated with 
se\eie failuie of renal function is not accom- 


panied by an increase of the p} ruvic acid m the 
blood The possibility exists that patients with 
severe renal disease aie protected to some extent 
against the onset of vitamin B } deficiency bj 
diminution of the excretion of the vitamins in 
the urine A second group of patients w'as 
studied This consisted of 19 persons suffering 
from malignant neoplastic disease It w r as found 
that in such patients vitamin Bj malnutrition 
as shown by an elevation of the blood level of 
pyruvic acid might occui even m the absence of 
fever and obvious malnutrition The levels w ei e 
more likely to be elevated, however, when fever 
and malnutrition also were present 

The thud group studied consisted of 38 per- 
sons suffering fiom various types of infection 
associated with elevation of the body tempera- 
tuie It w'as found that IS of these patients had 
vitamin B, malnutrition as revealed by an 
increase m the blood levels of pyruvic acid 



TWO STAGE OPERATION FOR CARCINOMA OF TRANSVERSE COLON 
PRODUCING DUODENOCOLIC FISTULA 

REPORT OR TWO CASES 

ROBERT R LINTON, MD 
boston 


Numerous articles demonstiating the feasi- 
bility of the surgical removal of the duodenum 
and the head of the pancreas for carcinoma 
involving one or both of these organs have 
appeared in the surgical literature since Whipple 1 
reported the successful extirpation of the head 
of the pancreas in 1938 Colectomy of the right 
side in either one or two stages, for malignant 
lesions involving the cecum, ascending colon or 
hepatic flexure, is a well recognized surgical 
procedure which carries a relatively low mortality 
rate 

The cases reported in this communication are 
of interest because they present instances of 
primary carcinoma of the proximal portion of 
the transverse colon which had eroded the second 
portion of the duodenum, producing a large 
fistulous opening between the two lumens of the 
bowel Removal required colectomy of the right 
side and in addition necessitated the carrying 
out of the Whipple type of operation for carci- 
noma of the pancreas This was successfully 
performed in both cases The operative pro- 
cedure was done in two stages because the 
patients were in a serious state of malnutrition 
from the malignant condition and their inability 
to assimilate food due to the duodenocohc 
fistulas In addition the danger of severe post- 
operative infection would have been much greater 
in a one stage operation, since all the lumens 
of the bowel including the stomach and 
duodenum contained highly infective fecal ma- 
terial because of the communication between the 
duodenum and the colon The first stage of 
the operation consisted m by-passmg the fistula 
by transecting the stomach and terminal ileum 
and performing a gastrojejunostomy and an 
deotiansverse colostomy The second stage con- 
sisted of the removal of the primal growth and 
the involved organs after the patient’s nutritional 
state had been unpioved 

From the Surgical Sen ice of the Massachusetts 
General Hospital 

1 Whipple, A 0 Surgical Treatment of Carci- 
noma of the Ampullan Region and Head of the Pan- 
creas, Am J Surg 40 260 (April) 193S 


REPORT OF CASTS 

Case 1 — History — P B , a 59 year old Italian 
man, a worker m a pottery shop, was admitted to 
the Massachusetts General Hospital Nov 13, 1941 
The chief complaint was vomiting and watery diar- 
rhea of five months’ duration, worse m the last week 
He was well until six months before admission except 
for occasional attacks of indigestion At this time mild 
epigastric distress developed, with gas and belching occur- 
ring a few hours after eating He vomited several 
times a week The vomitus consisted largely of bile, 
rarely of food Prior to one year before admission his 
bowels moved two to four times weekly Approximately 
one year before he began having movements daily and 
three months before admission diarrhea commenced, 
with five to fifteen movements each day During the 
past few weeks on numerous occasions he had noted 
the passage of undigested food in his stools, eaten onlj 
fifteen minutes before One week before his admission 
daily nausea and vomiting developed He had lost 
20 pounds (9 1 Kg ) m weight, from 185 to 165 
pounds (83 9 to 74 8 Kg ), during the past three months 
He had dyspnea on exertion of one year’s duration The 
remainder of his history was irrelevant 

Examination — Physical examination showed a well 
developed, moderately well nourished middle-aged man 
with signs of recent loss of weight His skin was dry, 
with some loss of elasticity The pupils were equal 
and reacted to light and in accommodation He had a 
number of carious teeth His lungs were dear to 
auscultation and percussion The heart was of normal 
size, the sounds were of good quality and the blood 
pressure was 120 systolic and 70 diastolic The 
abdomen was symmetric and soft In the right upper 
quadrant there was a large firm mass which was pal- 
pable below the edge of the lrver It felt about 5 cm 
in diameter It did not move with respiration Rectal 
examination gave normal results except for anal spasm 
and an enlarged soft prostate His weight on admis- 
sion was 144 pounds (65 3 Kg ) Examination of the 
blood showed 3,500,000 red blood cells, 62 Gm of 
hemoglobin, 24 per cent of hematocrit, 11,100 white 
blood cells and a normal blood smear except for hypo- 
chromia The urine had a specific grant} of 1 020 and 
ga\e a negative reaction for albumin, sugar and bile 
Blood chemistr} determinations showed serum protein 5 8 
Gm and nonprotein nitrogen 42 mg per hundred cubic 
centimeters, blood chlorides of 106 2 milliequnalents 
per liter, a v itamin C lei el of 0 2 mg per hundred 
cubic centimeters and a normal reaction to the van 
den Bergh test The stool gave a positive reaction to 
the guaiac test \ gastric analvsis showed some brov n- 
vcllovv fecal-smelling fluid with no free hydrochloric 
acid and a negative reaction to the guaiac test Roent- 
gen examination of the gastrointestinal tract bv 
R Schatzki showed a normal esophagus "md 
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The duodenal cap was wide The second and third 
portions of the duodenum appeared normal but were 
displaced medialward Most of the barium after enter- 
ing the duodenum passed into an irregular canty with 
finger-like extensions in the right upper quadrant, and 
then entered the colon The findings indicated a duo- 
denocolic fistula and a large mass m the right upper 
quadrant The mass had the appearance of a large carci- 
noma of the hepatic flexure Examination after a barium 
enema showed normal filling to the hepatic flexure, 
where a filling defect of 7 cm was noted A small 
amount of barium passed into the first portion of the 
duodenum The descending portion of the duodenum 
appeared unmvohed but there appeared to be some 
infiltration of the ascending portion of the colon The 
findings confirmed the previous roentgenogram in that 
the> showed a large tumor of the hepatic flexure with 
a fistula into the proximal part of the duodenum 

Operations and Course — Following his admission two 
blood transfusions of S00 cc each were given 

On Nov 22, 1941 a peritoneoscopy was done under 
local anesthesia by Dr E B Benedict The liver 
throughout the anterior surface of both lobes appeared 
of normal color, smooth in outline with a sharp edge 
There was no evidence of metastatic disease in the 
liver or peritoneum The fundus of the gallbladder 
appeared normal The mass in the right upper quad- 
rant was entirely covered by omentum, so that it was 
impossible to tell regarding the fixation of it 

On November 25, twelve days after admission to the 
hospital, an operation was performed The anesthesia 
was induced with nitrous oxide and oxvgen and con- 
tinued with ether administered through an endotracheal 
cannula The abdomen was opened through a left 
paramedian incision, the rectus muscle being retracted 
litcralward The tumor was found to be fairly freely 
movable, although mtimatelj associated with the duo- 
denum It seemed unwise to attempt a complete exci- 
sion at this operation After it had been determined 
that there were no metastases in the liver or in the 
pelvis and that the gallbladder was free and not 
involved, the stomach was transected at the junction 
of the middle and lower thirds The distal end was 
infolded with two rows of sutures A posterior Polya 
anastomosis between the jejunum and the proximal end 
of the stomach was performed The transverse meso- 
colon, through which the jejunum was brought up, 
was sutured to the wall of the stomach proximal to 
the anastomosis The ileum was then transected about 

5 inches (20 32 cm) from the ileocecal valve The 
distal end of this was infolded with two rows of 
sutures and dropped back into the peritoneal cavity 
\n end-to-sidc anastomosis was performed between the 
proxin al end of the ileum and the transverse colon 

6 inches (13 24 cm ) distal to the growth The gastro- 
jejunostomv and the ilcocolostomj were carried out 
according to the Mien : modification of the Parker- 
Kcrr aseptic tv pc of intestinal anastomosis The 
abdominal wound was then closed m lavers without 
drainage The operation required two hours and a 
halt, and during this time the patient received mtra- 
venoush 1,000 cc. of citrated blood 

The patient made a satisnctorj convalescence except 
for the complication that large amounts of thin fecal 
material drained from an inhing nasal catheter which 
had been placed in his stomach On the fourth post- 
operative dav this amounted to as much as 4,000 cc 

2. Allen, A W Aseptic Intestinal \nastomosis 
\pp’icab’c to Ga'trojejunocohc Put., la Surgcn 1 33S 
(March! 1°3S 


A positive fluid balance was maintained despite this bj 
the use of fluids injected mtravenouslv He received 
a transfusion of 500 cc of blood on the third, fifth 
and eleventh postoperativ e days The drainage from 
his stomach graduallv decreased, and on the tenth post- 
operative da) he had a positive fluid balance, so the 
inijing nasal catheter was removed 
On December 4, the ninth postoperative da), it was 
noted that his right leg had become edematous and 
tender in the calf, and a diagnosis of deep venous 
thrombosis was made Accordingly, under local ancs 
thesia the right femoral vein was exposed in the groin 
A large clot was removed from it The vein was 
ligated and divided between the ligatures On the 
following da>, the tenth postoperative day, venous 
thrombosis of the left calf was noted With the patient 
under local anesthesia with procaine hydrochloride the 



Fig I — Opcrativ e sketch showing the first stage pro- 
cedure to by-pass the duodcnocohc fistula in case 1 
The stomach and terminal part of the ileum have been 
transected A posterior gastrojejunostomy and an ileo 
transverse colostom> distal to the carcinoma have been 
performed The distal ends of the stomach and ileum 
have been closed The inset shows a cross section through 
the duodenum and the colon at the site of the fistula 

superficial femoral vein of this extremit) was inter- 
rupted m the groin On December 11, fourteen da>s 
after his first operation, a second abdominal operation 
was performed The anesthesia was induced with 
nitrous oxide and ovjgen and continued with ether 
administered through an endotracheal cannuh The 
abdomen was opened through a right paramedian inci 
sion, the rectus muscle being retracted latcralv ard 
kn additional transverse abdominal incision was made 
extending latcralv ard out into the right flank, making 
a T-shaped incision The cecum and ascending colon 
with trn. Prmmal ileum attached were first freed up 
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as for colectomj of the right side A large amount 
of inflammatory and carcinomatous tissue was encoun- 
tered in the right gutter It was possible to get 
entirely around this, although it was necessary to sac- 
rifice the right ureter in order to do it The dissec- 
tion was continued upward until the duodenum was 
reached It was freed from the inferior vena cava 
posteriorly, which gave off a few small tributaries to 
it The distal half of the stomach, the duodenum down 
to the point where it passes beneath the superior 
mesenteric vessels, the head of the pancreas, the ter- 
minal part of the ileum, the appendix, the cecum, 
ascending colon and the right portion of the transverse 
colon with the tumor were removed en masse The 
common bile duct was divided as it entered the second 
portion of the duodenum The pancreas was resected 
at the point where the portal vein crosses beneath it 
The right colic and ileocolic arteries and veins were 
ligated at their origins from the superior mesenteric 
artery and vein The transverse colon was divided 



Fl S 2 — Operative sketch showing the complete second 
stage procedure after removal of the carcinoma and 
the organs involved in case 1 In this patient the right 
kidnej also was removed The choledocliojejunostomy 
o'er a T tube and the jejunoj ej unostomy after the 
principle of Roux are shown 

Hist proximal to the ileotransr erse colostomy The 
distal end of the third portion of the duodenum and 
t >e colon were infolded with two layers of sutures 
he flow of bile into the intestine was reestablished 
\vi ^ IC Foux A pc of anastomosis as recommended by 
no 1 ^ ,c l e J unum w as divided about 12 inches 

f 0 48 cm) distal to the gastrojejunostomy A chole- 
ochojej unostomy was performed between the distal 
j the jejunum and the end of the common bile 
uc t This was made o\er a T tube to give the bile 
i 'ent and also to preient temporary closure of the 
mastomosis from edema A side-to-side jejunojejunos- 
oin} \\ as nndc between the proximal jejunal segment, 
cnc f of it was closed, and the jejunum distal 

0 tie choledochojejunostomj Since the right ureter 

1 to be sacrificed, the right kidnej was then remoied 


the renal artery and vein being doublj ligated The 
raw area in the right side of the abdomen w’as peri- 
tonealized The main pancreatic duct was isolated and 
ligated with a cotton ligature The cut end of the 
pancreas was closed with interrupted sutures of cotton 
A few glands were noted in the region of the portal 
vein at its junction with the superior mesenteric vein 
This was the only evidence that there might be metas- 
tatic disease The T tube in the common duct was 
bi ought out through a small stab wound in the right 
side of the abdomen Two cigaret wicks were placed 
in the region of the sutured end of the pancreas and 
were separated from the common duct tube by a small 
amount of gastrohepatic omentum The abdomen was 
closed in layers after 4 Gm of sulfanilamide was 
deposited m the right side There was no free omen- 
tum to use to wall off any of the intestines because 
it had been involved m the tumor and had to be 
resected 

The operation lasted five hours and thirty-five min- 
utes, and the patient received two transfusions of 
citrated blood of 500 cc each The blood pressure 
was not discernible at the end of the operation, but 
his pulse rate was m the neighborhood of 130 Despite 
the magnitude of the operation and the long time it 
tequired to complete it, the patient had a fairly good 
convalescence He was placed m an oxygen tent , 
sulfadiazine was given intravenously This w r as con- 
tinued for three days postoperatively, 4 Gm being 
given each day Pancreatic secretion commenced to 
drain on the fifth postoperative day By means of 
suction in the wound this was collected, and it amounted 
to 500 or 600 cc each day The fistula gradually 
stopped draining sixteen days after the operation On 
Jan 6, 1942, twenty-six days after the operation, a 
considerable amount of pus drained through the lateral 
end of the transverse incision After this he improved 
An injection of hippuran through the common duct 
tube showed prompt emptying of the contrast material 
into the jejunum It was noted about this time that 
he had definite avitaminosis with a smooth red atrophic 
tongue He was given vitamin B parenterally On 
January 28, his weight was 125 pounds (56 7 Kg ) 
His serum protein was 4 5 Gm and his nonprotein 
nitrogen 15 mg per hundred cubic centimeters He had 
considerable difficulty in eating, but gradually improved 
His wounds finally healed, and he was discharged from 
the hospital on February 3, fifty-four days after his 
last operation He was sent to a nursing home, where 
he stayed until March 12, at which time it was reported 
that his appetite was very good, that he had gained 
weight and that he was able to be up and about 

Pathologic Evammation — The pathologist’s report 
was as follows Gross Examination A kidne\ 
weighed 191 Gm and measured 115x65x4 cm The 
capsule was thin and stripped readilj, to re\ cal a 
smooth, brownish purple surface The calices were not 
dilated, the pelws was smooth and shim The intes- 
tinal mass measured 33 x 17 x 18 5 cm It consisted of a 
central tumor measuring 15x95x18 cm and located 
8 cm abote the tip of the cecum The mass was 
located primanlj within the colon, which was almost 
completed filled The tumor was a soft, fungating 
papillarj reddish purple mass, the center of which was 
grosslj necrotic The remaining mucosa of the colon 
was normal in appearance Attached to the cecum 
were a normal-appearing appendix measuring 6xOS 
cm. and a normal-appearing section oi the ileum mea- 
suring 14 cm , the end oi w hich had been p~e\ iousIj 
-mured The tumor had extended through the wall 
ot tlie colon to imade the wall of the duodenum 
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which was affixed to the upper outer aspect of the 
colon The tumor extended into the duodenum o\er 
an area measuring 10 \ S cm and protruded into the 
lumen for a distance of about 1 S cm There was a 
fistulous communication through the necrotic tumor 
between these two structures The tumor apparent!} 
had also grown into the omentum, where it was found 
as firm, gras -white strands of tissue infiltrating the 
soft, fatt\ tissue The stomach portion measured 
11x9 cm and show ed soft thick folds and had been 
prcviouslv sutured at its proximal end The tissues 
examined consisted of colon, ileum, kidne} , stomach, 
appendix and duodenum There was a portion of the 
pancreas on the posterior aspect of the tumor mass 
which was intimately adherent to it and the duodenum 
and partiall} infiltrated with the tumor tissue 
The diagnosis was adenocarcinoma, grade 2, of the 
transverse colon with perforation into the duodenum 
normal kidney , normal appendix 
The patient reported to the hospital on August 17, 
stating that he had felt well until three weeks pre- 
Moush when he began to have indigestion immediately 
after eating, with pain in the epigastrium and occa- 
sional vomiting and five to six stools a day These 
consisted mostl} of undigested food He was read- 
mitted to the hospital for study and a roentgenogram 
of the gastrointestinal tract was made This showed 
a subtotal gastrectom) with prompt emptying of the 
barium into the anastomosed jejunum The upper part 
of the jejunum was slightly dilated and no barium 
passed it during fort} -five minutes The findings were 
those of a partial obstruction in the upper part of the 
small intestine Blood chemistry studies at this time 
showed a nonprotem nitrogen of 20 mg and serum 
protein of 4 8 Gm per hundred cubic centimeters and 
blood chlorides of 103 2 milliequivalents per liter An 
enema of barium sulfate was given at this time, and 
it showed that the barium passed from the rectum to 
the midtransversc colon Just proximal to the splenic 
flexure the barium was observed to go into the small 
intestine at the site of the anastomosis No evidence 
of recurrent disease was observed The red blood 
count was 4 300,000, the white blood count 8,200 and 
the hemoglobin content SO per cent He was discharged 
trom the hospital five da}s after his admission on 
\ugubt 22 He was given instructions m the regula- 
tion of his dietary regimen to reduce the amount of 
nausea, vomiting and diarrhea and to correct his vita- 
min dcficicncv His weight on this admission was 141 
pounds (64 Kg) a gam of 16 pounds (7 3 Kg) since 
his discharge from the hospital 
One month later he died at another hospital, where 
a diagnosis ot heart failure was made No autopsv 
was periormcd, so it is impossible to determine if 
metastases had developed v Inch might have plaved a 
role m his death He had survived ten months since 
the tumor had been resected 
Cvse 2 — Hu'crv — H \\ R, a 45 vear old 
man vnieriean a bra! etrmi was idnuttcd to the 
Massachusetts General Hospital on Tan 4, 1943 
The chicx complaint v as shitting pain in the epigas- 
trium and in both lower quadrants ot the abdomen for 
the past s’ecn montl < The pain was described as 
commit dull and achmg v ith transient sharp epigas- 
tric ex'ce'bat on v hich <r~wti" "s were reicrred to 
tne ha A I1 k appetite was poo- aid occasionally he 

felt t at -'•au.n — vl vcmiud Tne'e v _ « no relation 
h' ween tl „ pain and In- n ah, tlc-c was ro enanre 
in have’ labts except to' a she! t .vaic'v b'ov n diar- 
ri „a n tne pas* v e.k He had pmduall io-» strength 
ard m t e pa*' mo-* i had !~ ' 23 pa HO 4 


Kg ) In July 1938 it was found that he had a positive 
reaction to the Wassermann and Hinton tests at the 
Peter Bent Brigham Hospital He then received treat- 
ment for syphilis both at that hospital and at the 
Massachusetts General Hospital This type of therapy 
resulted in attacks of dermatitis, but it was possible 
to continue antisyphihtic treatment by careful regula 
tion of the dosage In March 1941 he complained of 
precordial pain, radiating down his left arm, and a 
diagnosis of a recent anterior myocardial infarction was 
made bv electrocardiogram This condition responded 
well to rest and regulation of his activities 
Examination — Physical examination showed a well 
developed, fairly well nourished, pale, sallow man 45 
years old, who appeared chronically ill and showed 
evidence of recent loss of weight His skin was pale 
and dry, with hyperkeratotic lesions and scaling of the 
skm of the forearm There was a slight yellowish 
tinge to the scleras of his eyes The right pupil was 
slightly larger than the left Both pupils reacted to 
light and in accommodation PIis heart was not 
enlarged to percussion, the sounds were distant and 
mu filed The rate and rhythm were regular The 
blood pressure was 112 systolic and 60 diastolic The 
lungs were clear to percussion and auscultation 
Abdominal examination revealed in the right upper 
quadrant a large mass just below the costal margin, 
which was felt to be an enlarged liver It extended 
down into the right flank below the level of the umbili- 
cus It descended slightly on respiration The edge 
of this mass was not readily palpable, it was slightly 
tender on pressure Rectal examination gave normal 
results Examination of the blood showed 4,400,000 
red blood cells, 12 5 Gm of hemoglobin, 15,300 white 
blood cells and a normal blood smear The urine lnd 
a specific gravity of 1016 and gave a negative reaction 
for albumin, sugar and sediment Repeated examina- 
tions of the stools showed strongly positive reactions to 
the guaiac test for blood Blood chemistry determinations 
showed a serum protein of 5 7 Gm , nonprotem nitrogen 
of 26 mg , albumin of 2 9 Gm and globulin of 2 8 Gm 
per hundred cubic centimeters The prothrombin time 
was twenty-three seconds with a normal of twenty -two 
seconds The reaction to the van den Bergh test was 
normal The blood chlorides were 98 3 milliequivalents 
per liter The blood hematocrit was 388 per cent 
Roentgen studies by Dr R Schatzki after the patient 
was given dye revealed a normal gallbladder An 
intravenous pyelogram revealed normal kidneys A 
series of gastrointestinal roentgenograms after barium 
was given by mouth showed a scarred deformity of 
the duodenal cap The junction of the second and 
third portions of the duodenum as well as the lower 
third was poorly filled throughout the examination 
The third portion of the duodenum appeared to be 
irregular and was probably ulcerated The examina- 
tion vas suggestive of an ulcerating tumor of the third 
portion oi the duodenum The esophagus and stomach 
were normal A. barium enema flowed casilv up to 
the junction oi the hepatic flexure with the transverse 
colon \t this point the barium column first met an 
obstruction and then filled an irregular pocket, then 
it entered the duodenum at the junction of the second 
and third parts Later films showed the stomach and 
jejunum partial!., outlined bv barium 

\ diagnosis was made oi a duodenocohc fistula v ith 
marl cd destruction of the v all oi the colon, probably 
tcoadary to carcinoma of the colon 
Ofcrctioi s at J Co irse — The patient’s condition did 
rot impro e during these Mudic- On January 23, his 
red h’ood count had dropped to 2,090 000 He received 
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transfusion of 500 cc of citrated blood on January 
t and 24 On the evening of January 24, severe pain 
Henly developed in the right upper quadrant of the 
n.Jomen, with spasm and tenderness in the region of 
' p mass His temperature had risen to 103 F The 
levelopment of these signs and symptoms indicated 
icginning peritonitis, possibly from perforation of the 
an j. <llous growth 

\ti emergency laparotomy was performed on Jan- 
-rj 24, at 10 o’clock in the evening The anesthesia 



F‘g 3 —Operative sketch of the carcinoma and the 
peritoneal cavity found in case 2 are shown Note 
ne descending colon lies medial to the latter 

dS ln duced by nitrous oxide and oxygen and con- 
-u with ether administered through an endotracheal 
The abdomen was opened through a left 
u iramcdian incision, the rectus muscle being retracted 
aterahvard The lesion m the right side of the colon 
Msuahzed It was covered with fresh fibrin but 
t ’ crc " as no actne peritonitis It was ascertained 
'at there were no metastatic nodules in the liver 
lc ar ^ e tumor mass was slightly movable, and it 
as considered to be an operable growth The stom- 
lC1 was transected through its midportion An ante- 
1,1 1 gastrojejunostomy was performed with the distal 
uop attached to the greater cunature A congenital 
' c» may Was encoun tered when the upper part of the 
JT m Was se arched for The ligament of Treitz 
1,1 "°* ' Jc found, and then it was ascertained that 

upper loops of jejunum lay in a separate peritoneal 
|‘iesem " UC * 1 v ' as lateral to the attachment of the 
' Inch Crj 01 ^ le descendln S colon (fig 3) This sac 
contained tlie upper several feet of jejunum, was 
j lie " !nter, °rl> and the ligament of Treitz localized 
o nrJ >CrtUre m sac was niade as large as possible 
stra ngulation of the bowel The gastro- 
° m ,' " as Performed approximately 12 inches 
, ; ^ CIn ' distal to the ligament of Treitz An ante- 
hc dis'i C a,nston 'osis was performed Because of 
n the *' nccmcnt °f the descending colon medialw ard 
be Ioon C °f SCnita * anorna l>> «t was necessary to bring 
0 Jejunum o\er both the transv erse colon and 


the pioximal portion of the descending colon (fig 4) 
The terminal ileum was next divided about 6 inches 
(15 cm) proximal to the ileocecal vahe and an end- 
to-side aseptic type of anastomosis was performed 
between the proximal end of the ileum and the trans- 
\ erse colon about 8 inches (20 cm ) distal to the 
growth The distal end of the ileum was closed with 
two rows of sutures and dropped back into the peri- 
toneal ca\ity Both the gastroj cj unostomy and the 
lleocolostomy were carried out according to the 'Mien 2 
modification of the Parker-Kerr technic The abdom- 
inal wound was then dosed in layers without drainage 
The patient received one transfusion of 500 cc of 
citrated blood during the operation and another one 
immediately afterward Because of danger of peri- 
tonitis administration of sulfadiazine intravenously was 
begun 

Following this operation the patient did fairlv well 
but large amounts of thin brownish fecal-smelling fluid 
drained from a Levine tube placed in his stomach 
Despite keeping this tube on constant suction he retched 
and vomited considerably and on January 31, seven 
days after his operation, dehiscence of the wound 
developed He was taken to the operating room, and 
under spinal anesthesia the wound was sutured with 
silver wire through all lavers of the abdominal wall 
At this operation it was ascertained that the gastro- 
jejunostomy appeared m excellent condition and was 
patent The distal loop of the jejunum was dilated 
about 8 inches distal to the anastomosis, but there was 
no obvious mechanical obstruction It was decided at 
this time to do a supplementary jej unostomy for feed- 
ing purposes since the gastrojejunostomy was not func- 
tioning, as recommended by Allen 3 This was done 
bv suturmg a rubber cathe er into the jejunum with 



Fig 4 — Operative sketch showing the completed 
second stage procedure after removal of the carcinoma 
and the organs involved in case 2 The cholecvsto- 
jejunostomv proximal to the gastroj ejunostomv is shov n 
Note the latter is an antecolic tvpe over both transverse 
and descending colons which was neccssarv due to the 
congenital anomalv of an extrapentoneal cavitv 

two purse-string sutures bringing the tube out througu 
a stab wound in the left hy pochondnum 

3 Allen, A \\ , and Welch C E Jejuno<*<vu 
for the Relief of Mahunctiomng G-’ctro-Entero tom 
Stoma Surgerv 9 163 (Tebl 1941 
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The most satisfactory jejunostomy feeding was equal 
parts of milk and lime water He was given 1,000 cc 
of this mixture each da>, and to it was added 100 Gm 
of amigen 4 as a 10 per cent solution and vitamins B, 
C and IC. Large amounts of material continued to 
dram from his stomach tube This was strained and 
also run into his jejunostomy tube by a continuous 
drip The gastrojejunostomy gradually began to func- 
tion, and it was possible to feed him small amounts 
of liquid food by mouth By means of this regimen 
it was possible to keep his blood chemistry practically 
normal On February 12, his nonprotein nitrogen was 
20 mg and his serum protein 6 3 Gm per hundred 
cubic centimeters, and his blood chlorides 93 8 milli- 
equivalents per liter 

On February 4, eleven days after his first operation 
and four days after the suture of his wound, pain 
developed in the chest and a roentgenogram showed 
a shadow at the base of the right lung consistent with 
a pulmonary infarct For this reason and because of 
slight tenderness m the calves of his legs he was taken 
to the operating room again and under local anesthesia 
with procaine hydrochloride both superficial femoral 
veins were interrupted in the grom just distal to the 
profunda branch to prevent further embolism 

After about two weeks of the jejunostomy feedings 
it was decided that he was m as good a condition as 
possible and on February 20, twenty-seven days after 
his first laparotomy, the tumor mass was removed 
through a transverse abdominal incision Endotracheal 
ether anesthesia was used Numerous peritoneal adhe- 
sions were encountered, involving the small bowel These 
had developed since the resuture of the wound The ter- 
minal ileum, appendix, cecum and ascending colon 
w'ere first freed up as for colectomy on the right side 
Then the distal portion of the stomach, the duodenum 
ind the tumor mass were freed up from the posterior 
abdominal wall The common bile duct was normal 
in size and was severed near its junction to the duo- 
denum The pancreas was resected through the neck 
The duodenum was diwded in its third portion, and 
the transverse colon was divided well distal to the 
carcinoma but proximal to the lleotransscrse colos- 
tomy An attempt was made to free up the distal 
portion of the duodenum to bring it around to anas- 
tomose with the gallbladder This w’as impossible 
became of the numerous adhesions and the congenital 
inomaly noted at the first operation , so the distal 
uid of the duodenum was closed with two rows of 
sutures The distal end of the colon was treated in 
a similar manner Tile common bile duct was of 
normal size or smaller, so it was tied and a choic- 
es stojejunostomv was performed between the gallblad- 
der and the jejunum proximal to the gastrojejunostomy 
Tie pancreatic duct was ligated with cotton and the 
cut end of the pancreas sutured with interrupted sutures 
ot cotton The abdominal wound was closed in lasers 
and two cigaret wicks were brought out through a 
stab wound in the right flank. Tour grams of sulfanil- 
amide powder were placed in the raw area from which 
the tumor had been removed The operation lasted 
lour hours and forts -five minutes The patient received 
tnree blood transiusions of 300 cc each during the 
operation and immcdiatels alter the operation received 
an additional 1 000 cc. of blood, totaling in all 2,300 cc 
D-spite the extensive dissection and the long operation 

4 A s*enlized aqueous, nonpvrogcoic 10 per cent 
< -flution of an cuzsmic hvdrolv-atc oi purified casein 
aid port pancreas H'drogcn ion conn i , ration is 
adjusted to /'n 63 (Mead Joba'on £. Company) 


lie stood the procedure very xx ell He svas placed in 
an oxygen tent for two days Administration of sulfa- 
diazine intravenously was commenced the day r of opera- 
tion He was given another blood transfusion on 
February 22, the second postoperative day, and one 
on February 23, of 300 cc each 

His convalescence svas complicated the first five post- 
operative days by jaundice His reaction to the van 
den Bergh test rose to 20 2 mg of bilirubin on the 
third postoperative day, but it returned to normal on 
the ninth postoperative day It svas felt that the jaun- 
dice svas secondary to intensive chemotherapy and the 
mtraperitoneal use of sulfanilamide at the time of the 
operation Within a few days after the removal of 
the large tumor mass and the organs it involved, his 
gastrointestinal tract began to function normally and 
although feedings were continued for a time through 
the jejunostomy tube he svas able to taken nourish- 
ment by mouth on the fifth postoperative day The 
oral feedings were gradually decreased so that on the 
eighth postoperative day he was taking a soft solid 
diet A moderate amount of pancreatic juice drained 
through the sinus in his right flank, but it never svas 
a serious problem He was discharged from the hos- 
pital on March 19, fifty-four days after his first opera- 
tion and twenty-seven days after his second operation 
He was able to take a six meal bland diet without 
discomfort He was given iron, vitamin B concentrate 
and vitamin C and a request to the ration board for 
more points in order to obtain a better diet for regain- 
ing his weight 

The pathologist’s report svas as follows Gross Exami- 
nation There svas a normal-appearing terminal ileum, 
including the ileocecal valve, measuring 12 cm in length 
The proximal end had been previously closed and was 
healing well Attached to a grossly normal cecum 
was a normal-appearing appendix, measuring 5 5 cm 
in length Beginning 20 cm from the ileocecal valve 
svas a constriction caused by a gray-svhite granular 
ulcerating mass 8 cm in length with raised edges not 
covered with mucosa Beyond the tumor svas 6 cm of 
normal transverse colon ending as an infolded stump 
The mass had eroded posteriorly and superiorly through 
the svall of the colon, invading and ulcerating into the 
anteroinferior svall of the duodenum, forming a fistula 
4 cm in diameter A portion of the stomach measuring 
8 cm along the lesser curvature and 12 cm along the 
greater curvature and having the proximal end closed 
and fairly svell healed was attached to 4 cm of appar- 
ently normal duodenum before it entered the mass 
Distal to the fistula there ssas 6 cm of normal duo- 
denum Entering the duodenum in the uninsolscd 
portion beneath the mass svas a common bile duct svhich 
ssas normal and measured 4 cm Beneath the duct and 
! eneath the mass ssas the head of the pancreas mcasur 
in g 4 bs 4 bs 3 cm It svas normal Manj enlarge 
lsmph nodes s arsing in size from 0 5 to 3 cm contain' 1 ' 
firm graj -white tumor-like tissue Submitted separate!., 
were several soft gra>-red l>mph nodes, each mcasunr 
1 cm in diameter 

The diagnosis was carcinoma of the transverse cok 
\>ith invasion of the duodenum, duodcnocohc fist’ ’a 
chronic gastritis and normal pancreas 

The microscopic examination showed that the region' 1 
l\mph nodes v ere negative and the tumor ssas undificr 
uitiated f 

The patient v as seen on October 20, eight moati 
ftcr his tumor had been remosed He s’ as able t 
work but svas having some abdominal discomiort an 
tramps Examination oi his abdomen revealed a fu 
movable mass in the ri^ht !o>’cr quadrant which 1 
thought to represent metastatic disease 
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COMMENT 

Carcinoma of the colon is a relatively common 
disease If it is located in the right half of the 
transverse colon it may erode into the duodenum 
to produce a duodenocohc fistula An adequate 
operation to cure malignant disease should in- 
clude the removal of the primary tumor, any 
organ involved by it, and the regional lymph 
nodes Ip cases similar to the two presented, 
it is necessary therefore to plan a “block” type 
of resection which will remove the distal half of 
the stomach, the duodenum, the head of the 
pancreas, the terminal ileum, the cecum, the 
ascending colon and the right half of the 
transverse colon Patients with lesions of this 
type are in a poor nutritional state because of 
the malignant disease and their inability to 
assimilate nourishment, the result of the high 
intestinal fistula 

An operation of the magnitude outlined re- 
quires multiple anastomoses to reestablish gastro- 
intestinal and biliary continuity and in addition 
an extensive dissection in the retroperitoneal 
area If it is attempted as a one stage procedure 
with the patient in a poor nutritional state, there 
is grave danger of uncontrollable surgical shock 
In addition sepsis may be a serious complication 
since all the lumens of the bowel, which it is 
necessary to cut across to do the resection and 
utilize in the various anastomoses, namely, the 
stomach, duodenum, jejunum and colon, contain 
highly infective fecal material, the result of the 
duodenocohc fistula For these reasons the 
operative procedure in both cases was divided 
into two stages 

The first stage consisted in by-passing the 
duodenocohc fistula in order to improve the 
patient’s condition and to free the upper intes- 
tinal tract of fecal material (fig I) This was 
done by transecting the stomach and the ileum 
and then performing a gastrojejunostomy and 
an end-to-side ileotransverse colostomy as far 
distal to the growth as possible The stomach 
was divided at the junction of its middle and 
ower thirds and the ileum 6 inches (15 24 cm ) 
ptoximal to the ileocecal valve The distal end 
0 die stomach and ileum were closed and 
ropped hack into the peritoneal cavity In 
one case a retrocohc gastrojejunostomy was 
performed, while in the other an antecohc gastro- 
jejunostomy was necessary because of a con- 
genital anomaly of the peritoneal cavity mvolv- 
”ig the upper part of the jejunum (fig 3) The 
ormei is preferable since the lleotransi erse 
e° ostomy and the jejunal anastomosis to the 
tr act can be more readily accomplished 


jejunum does not cross anterioi to the 


traus\erse colon 


Large amounts of liquid fecal material drained 
from the stomach in both cases following the 
first stage operation This apparently resulted 
from a reflux of ileal contents from the lleo- 
transverse colostomy into the transverse colon 
through the fistula into the duodenum and then 
into the stomach through the gastrojejunostomy 
This complication hindered the preparation of the 
patients for the second stage procedure In 
the first case the fecal gastric drainage stopped 
after a week, but m the second one it persisted 
for a longer period It could have been avoided 
if the transverse colon had been divided proximal 
to the ileotransverse colostomy at the first stage 
operation It was intentionally omitted, however 
because it was feared that material might collect 
under tension in the right part of the colon, 
since the only opening in it would have been 
the fistulous tract into the duodenum In view 
of the postoperative course in these 2 patients 
it seems that division of the transverse colon 
proximal to the ileotransverse colostomy could 
be carried out safely with benefit at the first 
operation m patients with similar lesions, since 
the duodenocohc fistula will give an adequate 
vent to the closed off part of the colon on the 
right side 

The gastrojejunostomy' in the second case did 
not function properly after the first stage opera- 
tion The cause of this was not determined It 
may have resulted from some reflex mechanism 
secondary to the primary growth, since after the 
second stage it functioned property In order to 
prepare this patient for the second operation it 
was necessary to perform a jejunostomy foi 
feeding purposes The value of this simple pro- 
cedure cannot be overemphasized under these 
circumstances, as Allen 3 has pointed out There 
is no question that if it had not been done m 
this patient he would never have been in a con- 
dition to withstand the radical second stage 
operation Equal parts of milk and lime water 
proved to be the best jejunostomy formula To 
each liter of this mixture were added 100 Gm 
of amigen as a 10 per cent solution and vitamin 
B, C and K In addition the drainage from the 
stomach was filtered and run into the jejunostonn 
opening by a Murphy’ drip He was kept on this 
regimen for eighteen day’s prior to the second 
stage operation The most striking result obtained 
by this therapy’ was the increase of his serum 
protein le\ el from 4 to 6 3 per cent and m addition 
normal chloride and nonprotein nitrogen Je\el- 
were maintained in the blood 

The second stage was performed in the fir-t 
patient fourteen dai s after the first stage and m 
the second patient after eighteen days The 
operative procedure in both cases necessitated 
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the remo\ al of the distal portion of the stomach, 
the duodenum, the head of the pancreas, the 
terminal ileum, the cecum, the ascending colon 
and half of the transverse colon with the tumor 
mass (hgs 2 and 4) In the first case neph- 
ctomy was performed on the right side m 
'dition, since the right ureter had to be sacrificed 
jecause of its apparent involvement m the tumor 
mass 

The terminal part of the ileum, the cecum and 
ascending colon were dissected free as in a colec- 
tom\ of the right portion A radical resection 
of the ileocolic mesentery was done in order to 
remove the regional lymph nodes The ileocolic 
and light colic arteries and veins were divided 
and ligated at their origins from the superior 
mesenteric artery and vein The middle colic 
artery and vein with their left branches avere 
preserved to supply the region of the lleotrans- 
a erse colostomy The right branch of these 
a essels was sacrificed so that additional trans- 
a erse mesocolon and lymph nodes could be 
resected The distal end of the stomach, the 
duodenum and the head of the pancreas Avere 
mobilized in this order Since the beginning 
of the thud portion of the duodenum lies directly 
on the inferior Aena ca\'a, extreme care Avas 
taken not to damage this large vessel A number 
of small veins connecting the tAvo structures 
aa ere careful!) ligated and divided The resection 
of the duodenum Avas carried to the point Avhere 
the superior mesenteric vessels cross it Aftei 
it aa as divided between clamps the distal end Avas 
closed AAith tAAO toavs of sutures 

The head of the pancreas Avas mobilized Avitli 
the duodenum, and it A\as resected at its junc- 
tion AAith the body This exposed the portal 
ACin at its origin, formed by the junction of the 
splenic and superior mesenteric veins These 
a essels a\ ere preserved AVith the utmost care, 
since ligation of the portal A r ein aaiII rapidly 
oducc death The pancreatic duct aa as isolated 
> both cases and ligated AAith a fine cotton 
ligature The dissection as described permitted 
the remoAal en masse of the tumor AAith the 
distal halt of the stomach, the duodenum, the 
head of the pancreas, the terminal ileum, the 
cecum the ascending colon, the right half of 
die transAcrsc colon and the attached ileocolic 
and truisAcisc mesocolons 

The common bile duct m both cases A\as 
diAidcd new the upper border of the first portion 
oi the duodenum The method ot reestablish- 
ment oi tne bilnre circulation into the intestine 
was difterent m the 2 cases \ choledocho- 
lejuno'lom) a ith a jejunojejunostonn distal to 
tne gastrojeumo-mnn aucr the method of Roux 


as advised by Whipple, 40 Avas performed in the 
first case This Avas feasible because the common 
bile duct Avas considerably dilated The choledo- 
chojejunostomy Avas performed around a T tube 
a step Avhich furnished a safety valve and at the 
same time prevented temporary blockage of the 
anastomosis by edema (fig 2) In the second 
case the duct A\as too small to make a satis- 
factory anastomosis to the jejunum Accord 
ingly a cholecystojej unostomy Avas performed 
In order to simplify the anastomosis it aa a 
carried out between the gallbladder and tin 
jejunum proximal to the gastrojejunostomy 
The gallbladder Avas mobilized by freeing tin 
fundus of it from the liver bed (fig 4) Tin 
Avas necessaiy in order to make the anastomosi 
Avith out tension on the suture line An attenq 
in this case Avas made to mobilize the dis*' - ' 
portion of the duodenum to anastomose it » 
the gallbladder, as described Dy Dennis 5 an 
Pearse, 0 but this Avas impossible because of 
congenital anomaly involving the upper p i 
of the jejunum Both types of anastomoses use 
in these patients functioned satisfactorily, l 
the type in the second case seems preferab 
since it is less complicated, requiring only o 
anastomosis and at the same time giving pr< 
tection against the regurgitation of intes' > 
contents into the biliary tract, similar to >' 
Roux type of anastomosis In addition bi 
enters the intestinal tract pioximal to the gasu 
jej unostomy, so that the acid gastric juice 
neutralized, Avith the result that there is tl - 
retically less danger of the development of 
gastrojejunal or jejunal ulceration 

The severed end of the pancreas m both cac 
Avas sutured Avith interrupted mattress suti 
of fine cotton after the mam pancreatic duct v 
ligated Avith the same material The raw a. 
resulting from the removal of the organs v 
pentonealized as much as possible in order 
prevent the small intestine from becom 
adherent to it and producing intestinal obst* 
tion The abdominal cavity in both cases . 
drained AAith gauze wicks surrounded AAith 
rubber tubing These drains Avere p! 
posterior to the neAv peritoneal floor and brou 
out through stab Avounds in the right flank 
method gave dependent drainage Avith 1 

4a Whipple, A O Present Da> Surgcrj of 
Pancreas, New England J Med 22G 515 (March 
1942 

5 Dennis, C A Modified Whipple Operatic 
Carcinoma o) the Head of the Pancreas Snrgco 
201 (Aug) 1942 

6 Pearse, HE A Simplified Anastonio 
Resection of the Duodenum and Head of the Par 
Surg Gance £. Obst 75 333 (Sept) 1942 
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c chance of puddling and secondary infection It 
also permitted the suturing of the mam abdom- 
inal wound intact and prevented the profuse 
, drainage, which so often occurs m this type of 
case, from interfering with the healing of it, 
an extremely impoitant consideration since 
• wound disruption is most apt to occur m patients 
who are in as poor a state of nutrition as these 
were 

In both cases large amounts of pancreatic 
x secretions drained for about four weeks, after 
_ which the drainage ceased Neither patient 
appeared to suffer greatly from the loss of the 
s external secretion of the pancreas, but it is 
^believed that some type of pancreojejunal 
anastomosis is desirable in resections of this type 
v It is possible that in both cases spontaneous 
! internal pancreojejunal fistulas developed, which 
would best explain the cessation of the drainage 
1 The type of incisions used requires special 
attention since it is important to have as few 
pentoneal adhesions as possible in the operative 
1 field at the second operation, to facilitate the 
1 > extensive resection that must be carried out 
Accordingly at the first stage a left paramedian 
incision was used which permitted adequate 
exposure for determining the operability of the 
main lesion and, at the same time, the carrying 
out of the gastrojejunostomy and the lleotrans- 
vei se colostomy without disturbing the peritoneal 
cavity to the right of the midhne, where the 
dissection must be done for the second stage 
The use of a transverse incision for the second 
stage extending well out into the right flank 
and across the midhne to the left permitted the 
dissection to be done posteriorly with greater 
ease than if a veitical incision had been 
employed 

Extensive surgical procedures, such as the 
second stage operation performed on these 
patients, are likely to be accompanied by surgical 
shock This results from the extensive dissection 
m the splanchnic area, the loss of moderately large 
amounts of blood and the prolonged anesthesia 
1 he most effective way to combat surgical shock 
is the maintenance of an effective volume of 
blood b} multiple transfusions The first patient 
i eccivcd one transfusion of 500 cc before the 
first stage jirocedure and six between this opera- 
tion and the second stage ov er a period of 
sixteen da}s During the second operation he 
was gn cn two transtusions and an additional 
two postopcrativel) the same da}, a total of 
2,000 cc of blood The next da} he recened 
another 1,000 cc and during the remainder of 
lus com alescence he was gn cn two more trans- 
fusions of 500 cc , each in an attempt to raise 


the serum protein level This patient received 
a total of fifteen transfusions of 500 cc , or a 
total of 7,500 cc of blood The second patient 
received two transfusions of 500 cc before the 
first stage procedure and two more the day it was 
performed This large amount was given because 
his red blood count was 2,000,000 before the 
operation After the four transfusions it rose 
to 3,500,000 Between the two stages he received 
five additional transfusions During the second 
stage operation three transfusions were given, 
then two additional ones postoperatively on the 
same day, so that he received a total of 2,500 cc 
of blood during that day At the end of the first 
two and one-half hours of the operation his 
blood pressure had fallen from 130 systolic and 
90 diastolic to 75 systolic and 50 diastolic, and 
his pulse rate had risen from 90 to 132 At 
the end of the five hour operation the blood 
pressure had risen to 100 systolic and 60 diastolic, 
and the pulse rate had dropped to 112, show- 
ing the beneficial effect of a transfusion of 1,500 
cc of blood With the two additional post- 
operative transfusions his blood pressure rose 
and maintained a level of 125 systolic and 80 
diastolic with a pulse rate of 110 During his 
postoperative convalescence he received three 
additional transfusions This patient received 
a total of seventeen transfusions of 500 cc , or 
a total of 8,500 cc , of blood 

When planning such extensiv e surgical opera- 
tions as these patients were subjected to, it is of 
prime importance to have available large amounts 
of blood for multiple transfusions Without 
this precaution surgical shock will develop, from 
which patients will succumb even though a 
technically perfect operation has been performed 
The modern blood bank with facilities for the 
storage of blood, established in man} of the 
large hospitals, makes available these large 
quantities of blood on short notice, which was 
not possible when the older method of trans- 
fusion was used by drawing the blood from the 
donor when it was needed Once surgical 
shock has developed and persisted for several 
hours, it may represent an irreversible reaction 
whereas by the earl} administration of trans- 
fusions it may be possible to prev ent its dev elop- 
ment The administration of large transfusions 
in one case 1,000 cc and m the other 1 500 
cc , during the course of the operation is empha- 
sized especiall} as a method to prevent severe 
or fatal shock, since bv this means an effective 
volume of blood is maintained during the critical 
period when all the factors of anesthesia, trauma 
of the operation and loss oi blood are acting to 
produce shock The use of multiple transius.ons 
before and after the operations aho i c imponant 



200 


ARCHIVES Or SURGERY 


m order to improve the patient’s condition by 
correcting anemia and aiding in the maintenance 
of or increasing the serum protein level 

Both patients were placed in an oxygen 
tent for forty-eight hours postoperatively to 
prevent anoxia, which if present would contribute 
to shock Proper fluid and electrolyte balance 
was maintained w ith solutions given by the 
intravenous route containing 5 per cent dextrose 
in isotonic saline solution and 5 per cent dextrose 
in distilled water, so that a urinary output of at 
least 1,000 cc was obtained To these solutions 
vitamins B, C and K w r ere added in the form 
and amount respectively of 50 mg of thiamine 
chloride, 1 Gm of cevitamic acid and 4 mg of 
water-soluble vitamin K For the second patient 
after the jej unostomy these substances were 
mixed with the jej unostomy feedings, since 
they could be given more readily and in less 
expensive form In order to build up this 
patient’s serum protein amigen was given intra- 
venously until the jej unostomy functioned and 
then it was given by this route 

Serious postoperative infection did not develop 
in either case It is believed that the local use 
of sulfanilamide intraperitonealiv at the time the 
tumor was resected and the postoperative intra- 
venous administration of sulfadiazine played an 
important part m preventing this complication 
A sulfadiazine level of S to 10 mg per hundred 
cubic centimeters of blood was maintained post- 
operatively for a week and then the drug w'as 
discontinued Jaundice developed postopera- 
< tively in the second case It is believed this 
was the result of combining the use of intra- 
pentoneal administration of sulfanilamide and 
intravenous administration of sulfadiazine in a 
patient with a poor liver reserve, since the 
sulfanilamide is picked up rapidly by the portal 
system, so that the sulfonamide level in the 
portal blood is undoubtedly much higher than in 
the systemic blood and may be of sufficient con- 
centration to produce a toxic hepatitis, especially 
if sulfadiazine is given concomitantly, as occurred 
in this patient Tor this reason it is now con- 
sidered preferable to use only sulfadiazine 
administered by the intravenous route, or if 
sulfanilamide is used intraperitonealiv sulfadia- 
zine therapy should not be commenced until the 
first postoperativ c day 

Deep venous thrombosis of the kgs is a 
postoperative complication seen frequently in 
patients following abdominal operations lor a 
malignant disc i«e The condition is a serious 
threat to hie trom latal pulmonarv embolism 
In each o, the patients reported on this condition 
developed in both legs following the fir-t stage 
ope rat, on In order to prevent pulmonarv em- 


bolism, bilateial mteriuption of the femoral veins 
in the groins was performed with the patient 
under local piocaine hy'drochloride infiltration 
anesthesia as soon as the diagnosis of phlebo- 
thrombosis was made, as advocated by Allen 
et al ' Despite the fact that the extensive 
second stage operations were carried out fol- 
lowing the occuirence of this complication, signs 
of pulmonary' embolism did not develop m 
either patient after interruption of the femoial 
vein It would seem justifiable in similar cases 
to advocate prophylactic interruption of the 
femoral veins during the first stage operation 
or shortly' thereafter 

SUMMARY 

The surgical extirpation of carcinoma of the 
right side of the colon, producing a duodenocohc 
fistula, requires resection of the distal portion of 
the stomach, the duodenum, the head of the pan- 
creas, the terminal ileum, the ascending colon and 
the proximal half of the transverse colon 

It is advisable to divide the operative procedure 
into two stages, since patients with this lesion are 
in a poor nutritional state, the result of carcinoma 
and a high intestinal fistula and because highly 
infectious fecal material is present in all the 
lumens of the bowel which it is necessary to 
transect The first stage consists of transection 
of the stomach and ileum and the formation of a 
gastrojejunostomy and an lleotransverse colos- 
tomy to by-pass the duodenocohc fistula The 
second stage consists of a block extirpation of the 
primal growth with the involved organs This 
necessitates colectomy on the right side and m 
addition the resection of the organs which it is 
necessary to remove in performing a Whipple 
type of operation for carcinoma in the head ot 
the pancreas 

The successful outcome of this major opera 
tion, in addition to the technical details, depends 
first, on adequate preoperative preparation of ti 
patient , second, on the care of the patient duritn 
the operation, including the type of anesthesia an< 
the prevention of shock, and third, on the post 
operative measures to prevent shock and infee 
tion and to maintain an adequate fluid and elcc 
trolyte balance In the preoperative preparation 
anemia should be corrected with blood ti 
fusions , a low serum protein level should be cle 
vated by transfusions and intravenous admin ’ 
tration of ammo acids, and in some cases 
jejunostomy should be performed for fecdin 
purposes , av ltammosis should be corrected 1 
the parenteral and oral administration of vitamn 
B, C and K 


7 Mien \ W , I inton, I? R and Donald",, 
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The caie ot the patient during the opeiation 
should include the selection of a safe and satis- 
factory anesthetic Since the operations require 
seveial hours, ether administered through an 
endotracheal tube fulfils the necessary require- 
ments and permits in addition the admimstiation 
of oxygen during the operation Surgical shock 
should be pie\ented by massive blood trans-> 
fusions 

In the immediate postoperative period addi- 
tional transfusions are necessary to prevent shock 
The use of an oxygen tent in this critical period 
to prevent anoxia is an important adjunct in 
treatment The intravenous administration of 


sulfadiazine to combat postoperatne infection 
should be used Fluids, dextrose and electrolytes 
should be given m sufficient quantities to main- 
tain a daily urinary output of 100 cc 

Phlebothrombosis of the lower extiennties with 
the danger of pulmonary embolism is a common 
complication in patients with abdominal carci- 
noma requiring such major proceduies Fatal 
pulmonary embolism can be prevented, if this 
complication develops, bv interruption of the 
femoial vein on both sides It is suggested that 
this procedure may be carried out as a prophylac- 
tic measure at the first stage operation 
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The division of the mediastinal space into three 
compartments is a delineation which serves more 
than its originally pure anatomic purpose Tu- 
mors arising in each of these spaces bear certain 
marks of distinction which permit of their gen- 
eral classification according to situation Thus 
the anterior mediastinum is the site of election 
for dermoid and thymoma The middle medi- 
stinum is the site of bronchogenic carcinoma and 
lj mphosarcoma From the structures of the 
posterior mediastinum arise lymphosarcoma and 
neoplasms such as neurofibroma and ganglioneu- 
roma whose origin may broadly be considered 
under the term “neurogenic ” Neurofibroma is a 
lelatively common tumor, ganglioneuroma, al- 
though somew'hat of a curiosity, is important 
from the standpoints of etiology, diagnosis and 
prognosis 

Although Knoebellanch in 1846 reported the 
first “ganglioneuroma,” in the case of “neuroma” 
reported by Odier in 1803 the lesion undoubtedly 
w r as a ganglion cell tumor It w r as early recog- 
nized that ganglioneuroma can arise from ele- 
ments within the central nervous system, the 
peripheral nervous system, the sympathetic and 
parasj mpathetic sv stems and the medullary por- 
tion of the suprarenal gland 1 The majority of 
the tumors, however appear to originate within 
the s) mpathetic chains and therefore usually are 
situated in the cerv ical region, the posterior 
mediastinum, the posterior wall of the abdomen 
or the posterior aspect of the pelvis These tu- 
mors are often multiple and sometimes occur m 
conjunction with other tumors of nervous origin 2 
Mediastinal ganglioneuroma is rare, but m the 

* Division ot Surgical Pathologj, Majo Clinic 

Dr Grav (from the Division ot Surgerv, Mavo 
Clinic) and Dr Shepard (who was a Fellow in Surgerv, 
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last twenty-five years, with exploratory thoracu 
omy becoming more and more common, this f 
mor has been reported more frequently 3 
Bohrer and Lincoln 4 expressed the opi i 
that this tumor is rare among children, but 
most of the reported cases the patients ha 
been less than 30 years of age No difference 
the incidence in the two sexes has been no 
Bigler and Hoyne, c as well as other authors, 
found that as a general rule the more advanc 
the patient’s age the greater is the likelihood > 
the tumor to be benign As pure ganglioneuroi 
is usually benign one would expect that it wm 
occur rarely among children 


CLINICAL PICTURE 


Many authors stress the absence of symr 1 > 
and cases have been reported in which a > 
astinal ganglioneuroma had been present 
eighteen to twenty years without causing } • 
toms At times the tumor is first discuv 
when routine roentgenograms of the thorax 
made In many cases, however, there are sj 
toms that are referable to the tumor, and a 
ful mqun’y reveals that the symptoms in quesi 
have been present for months or years T!> 
symptoms are often ingravescent Ganglion 
loma does not invade the blood vessels, 1 
phatics or contiguous structures, but pro< 
symptoms by pressure on the adjacent vet 
and organs Pressure on the trachea may 
a persistent cough, dyspnea and even stridor > 


3 Allison, P R , and Carmichael, R AC" 
Mediastinal Ganglioneuroma, Brit J Surg 27 1 /, 
(July) 1939 Coolej, L E, and McNamara, F 
Intrathoracic Ganglioneuroma, J Iowa M Soc 
117-120 (March) 1940 Harvey, W C < ' 
Ganglionic Neuroma of the Mediastinum in a 
Aged Nine, Lancet 1 405-406 (Feb 22) 1930 C" 
neuroma, Cabot Case 24422, New England J Me 
620-623 (Oct 20) 1938 Rosenson, W Neoplat 
the Mediastinum m Infancy and Childhood Repor 
Case of Ganglioneuroma of the Mediastinum »> 
of Eight Years, Am J Dis Child 26 411- 
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cyanosis Some of the commonest symptoms, and 
often the earliest ones, are those due to pressure 
on the inferior laryngeal nerves a change in the 
quality of the voice, a brassy cough and, much 
later, stridor Encroachment on the bronchi may 
produce cough and the physical signs of de- 
creased aeration A generalized sensation of 
tightness or fulness m the thorax is often de- 
scribed by the patient harboring a growing medi- 
astinal tumor Dysphagia is rare, probably 
owing to the ease with which the esophagus ac- 
commodates itself to pressure Edema of the 
upper half of the body, facial cyanosis and dila- 
tation of the superficial veins may result from 
partial occlusion of the superior vena cava by 
pressure from a mediastinal ganglioneuroma In- 
volvement of the superior cervical ganglion causes 
enophthalmos, ptosis, miosis and lack of sweating 
(Horner’s syndrome) on the homolateral side 
and is often seen m cases of ganglioneuroma of 
the supenoi mediastinum Bizarre symptoms 
rcfeiable to the spinal cord may be due to pres- 
sure from a dumbbell-shaped tumor, which has 
grown into the spinal canal through an interver- 
tebral foramen Hart and Ellison 6 observed the 
Pel-Ebstein type of fever among children who 
had a ganglioneuroma of the mediastinum Cer- 
vical tumors are seen m conjunction with medi- 
astinal ganglioneuroma at times, and these cer- 
vical masses are usually nerve tumors arising 
from the cervical portion of the sympathetic ner- 
ious system 


ROENTGENOLOGIC FINDINGS 

Roentgenographically, the tumoi appears as a 
dense homogeneous ovoid shadow arising in the 
posterior part of the thorax The lateral border 
of the shadow is convex and sharply defined 
while the medial border adjacent to the vertebial 
column is definitely flattened The lateral view 
shows that the mass arises in the posterior gut- 
ter of the thorax (the site of the sympathetic 
chain) No invasion of contiguous structures is 
seen, although the adjacent ribs or vertebrae may 
9 how thinning or erosion, ow ing to pressure from 
the tumor Rarely, the tumor may grow thiough 
mi intervertebral foramen and enlarge the fora- 
men Dolley and Tones ' recommended artificial!) 
induced pneumothorax to show that the tumor is 
extrapulmonarv 


DIAGNOSIS 

The tipical picture is a mediastinal tumor 
"Inch may be silent and found onh accidentalh 


6 Hart, F D , and Ellison, P O Media-Uiml 
'inyho-Ncuroblastomi, abstracted, Proc Ro\ See 
lied 30 1195-119S (Aug ) 1937 

~ Di!le\, F S, and Tones, J C Surgical Trent- 
i“uu Tumors o{ Lung and Mediastinum \m Re\ 
Tnbec 39 47o 4S7 (^ pn l) 1039 


or by compression may cause a variety of symp- 
toms, the most common being brassy cough, 
dyspnea and stridor The patient’s good gen- 
eral condition, the lack of signs of metastasis and 
the extremely slow' grow'th of the tumor all point 
to a ganglioneuroma 

Diffei ential Diagnosis — Dn mg goiter must be 
ruled out This usually can be done by examin- 
ing the patient’s neck while he is swallowing 
Mediastinal cy'sts may simulate ganglioneuroma 
m all respects, but only'- rarely' are they encoun- 
tered in the posterior gutter, whereas ganglioneu- 
roma always arises posterior to the plane of the 
trachea Dermoid cysts in the mediastinum are 
almost universally' encountered in the anterior 
mediastinum Mediastinal lymphoblastoma, es- 
pecially Hodgkin’s disease, may simulate ganglio- 
neuioma High voltage roentgen therapy serves 
to distinguish the two conditions, as lriadiation 
has no effect on ganglioneuroma Neurofibroma 
is supposedly distinguished from ganglioneuroma 
by' the erosion of ribs and of the intervertebral 
foramens in the former condition , how'ever, the 
same changes are encountered m ganglioneuroma 

TREATMENT 

The only satisfactoiy treatment is surgical re- 
moval of the tumor Irradiation with loentgen 
rays and radium is useless 

Bohrer and Lincoln recommend the estab- 
lishment of an artificial pneumothorax tw'O w eeks 
before operation for the purpose of showing the 
presence of pleural adhesions, stabilizing the 
mediastinum and shunting the blood to the con- 
tralateral lung 

Complete excision is desirable, although some 
authors state that leaving part of the capsule of 
the tumor does not affect the prognosis Exci- 
sion is often made difficult by the presence of 
large blood vessels running o\ er or through the 
tumor At times, the tumor is firmly adherent 
to adjacent ribs or vertebrae and can be remoaed 
only' by' excision of the involved bony structures 

The entire thoracic sympathetic chain should 
be examined as ganglioneuromas are often mul- 
tiple and e\en an examination of the entire 
thoracic chain does not exclude their presence 
in the abdomen or pelvis 

The posterior approach is the better one as the 
tumor originates in the posterior mediastinum 
and the great \essels lie between an anterior ap- 
proach and the tumor 

\n intercostal incision usualh suffices although 
one or more ribs mat hate to be resected if the 
tumor is large especially u the ribs are firmh 
adherent to the growth Some surgeons close 
the thorax without drainage wmle o’ne-s insert 
a soit rubber catheter 
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It is often extremely difficult or impossible to 
mobilize or remove a mediastinal ganglioneuroma 
because of its dense attachment to contiguous 
ribs or the bodies of the vertebrae In addition, 
undue force cannot be exerted in their separation 
because of the danger of injuring important 
adjacent blood vessels and nerves 

COMPLICATIONS 

Hemorrhage at times complicates the removal 
of mediastinal ganglioneuromas owing to their 
proximity to the large vessels of the posterior 
mediastinum 

As in any intrathoracic operation infection is 
to be feared but rarely complicates operations on 
these tumors as they are extrapleural 

Eloesser 8 reported the remov al of a medias- 
tinal ganglioneuroma and the connected nerve , a 
memngopleural fistula and meningitis developed, 
but the patient recovered 

Various types of complications referable to the 
spinal cord may occur if a dumbbell-shaped tu- 
mor lies partly within the spinal column 

Riggs and Good 0 reported a case in which 
fatal suffocation was due to tracheal obstruction 
by a contiguous ganglioneuroma 

Recurrence of these tumors is denied by James 
and Curtis 10 and by Bohrer and Lincoln , how- 
ever, many authors believe that they tend to re- 
cur, especially if they are incompletely removed 
Malignant changes occur and metastasis has been 
encountered by Sophian 11 and by Clarke 13 

PATHOLOGY 

Grossly, ganglioneuroma resembles uterine 
fibromyoma m color and consistency It is usu- 
ally encapsulated, although Sophian said that the 
capsule is often incomplete Occasionally, it is 
tabulated, certain tumors are dumbbell shaped 
Multiple tumors are sometimes seen, and often a 
single nene or plexus of nerves is attached to 
one or more of the tumors Hart described an 
outer jcllow white cortex and an inner medulla 
showing regions of hemorrhage and necrosis 


8 Eloesser, L Memngopleural Fistula Following 
Extirpation of a Ganglioneuroma of the Upper Medias- 
Unum Ganglioneuroma of the Adrenal Gland, S Clin 
North America 13 1325-1336 (Dec ) 1933 

9 Riggs, T r, and Good, L P Ganglioneuroma 
of Mediastinum Requiring Surgical Intervention for Rc- 
liei of Obstructive Symptoms, Arch Surg 19 309-320 
(Aug) 1929 

10 James, \ G , and Curtis G M Mediastinal 
Garglioncuroma Ann. Surg 113 767-776 (Ma>) 1941 

11 Sophian I~ Mediastinal Ganglioneuroma, Ann 
Surg 101 827-833 (March) 1933 

12. Gar! e J M Large Tho-acic Gangho- Neuroma 
-vt.s’ral an S. Nc v Zealand J Si rg S 199 202 ( Oct 1 
1^38 


Microscojucall) , the tumor is mainly compe 
of fusiform cells arranged compactly , the nuch 
are oval or round, are small and stain deeply . 
hematoxylin and eosin Scattered throughout ai 
islands of ganglion cells with little supporti 
fibrous tissue, but frequently surrounded by ni < 
bers of so-called satellite cells The nerve ^ < 
aie mostly nonmedullated and often arranged i 
bundles A greater number of axis cylim’ 
than ganglion cells is often observed and is sn 
to be due to degeneration of previously < i 
ganglion cells The ganglion cells may 
mononuclear or multmuclear, and Nissl granul 
can be demostrated within the cytoplasm, as 
often seen in the normal state Pigmentatic 
degeneration or calcification of the ganglion <*o1 
is seen not infrequently The tumor matrix is a 
most avascular white fibrous connective tissue 

Crile and Ball, 13 Haven and Weil, 14 Cla. 
and others described changes in the tumor w’ ■ 
varied from the presence of primitive neuro! 1 
to adult ganglion cells Such a tumor is pro’ ’ 
best called ganghoneuroblastoma, as desn- ■ 
by Hart, such a designation has the auv < 
of denoting the malignant potentialities of > 
tumor in contradistinction to the "benign” j 
ganglioneuroma 

REPORT or CASES 

We report 3 cases of mediastinal ganglia 
roma that W'ere observed at the Mayo Clinic 
one year 

Case 1 — '1 he patient was a 9 v ear old boy wh 
family and past history were unimportant Six m 
before the patient came to the clinic lus appetite 
become poor and two months before his ■ 
at the clinic he had had an attack of influenza P 
genograms of the thorax at that time had disclu. 
thoracic tumor During the week before lus 
to the clinic he had had shooting pains in the left 
of the thorax 

The results of physical examination were n _ 
except for dulness to percussion and decreased m 
sounds at the base of the right side of the th 
posteriorly and laterally The value for the heme 
was 112 Gm per hundred cubic centimeters of bl 
The results of other tests, including Kahn s test, d 
mmation ot the sedimentation rate and a tuberculin 
were normal 

Anteroposterior and lateral roentgenograms of 
thorax disclosed a mass in the lower posterior pci 
of tlie right side of the thorax There apparent!) 
some pressure erosion of thcjnfcrior border of 
tenth rib near the costovertebral juncture (fig 1) 

The diagnosis vv is ganglioneuroma of the right 
ot the thorax 


13 Crile, G W, and Eall, R P Pnmarj V 
Tumors of Keck and Mediastinum, Surg, Gjn. 
Obst 48 449-460 (April) 1929 

14 Haven II and Weil, A Multiple Gangh - 
rom\ Arch Path 13 713-715 (Mav) 1932 
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Fig 1 — Roentgenographic appearance of ganglioneuroma in case 1 , a, anteroposterior view showing discrete 
tumor in the lower medial part of the right half of the thorav, b, lateral view showing tumor arising in the 
posterior mediastinum 



Fig 2 — Photomicrographs of ganglioneuroma in case 1 sections stained with hemato\Nhn and coca c 
nurrero is ganglion cells surrounded b\ annelmated nerae fibers, no malignant cells are viable ( 4') r ua 

por»ton* 'how pnmitiae (malignant) neuroblasts (X^o) c primitne neurobla'ts { y 200) 
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Opciation — The right pleural space was opened by 
a cur\ed incision in the ninth intercostal space on the 
right side A smooth tumor 6 by 4 by 3 cm was seen 
in the right posterior gutter, it was densely attached 
to the right lateral aspect of the bodies of the vertebrae 
The tumor was dissected free wath difficult} The wound 
was closed without drainage Comalescence was un- 
ev entful 

Pathologic Aspects — Grossl}, the tumor consisted of 
a lobulatcd dense tough fibrous mass measuring 6 by 4 
b> 3 cm Its color varied from white to }ellow The 
appearance was quite similar to that of a uterine fibro- 
in} oma which had undergone fatt} degeneration 


tive (malignant) cells The finding of such cel 
in this tumor supported this contention 

Case 2 — The patient was a married woman 35 }ea> 
of age She had sustained an injur} to her back > 
}ears before she came to the clinic, this had not con 
fined her to bed but she had had minor backache 
irregular intervals since the injury Two months t 
fore she came to the clinic she had undergone cho 
cjstectomy and appendectomy, since the operation si 
had had a constant aching in the midlinc of the lu„ 
part of the back The pain had extended into 1 
shoulders and had been aggravated bv standing v 
sitting She came to the clinic because of this backacl 



Tig 3 — Rocntgcnographic appearance of ganglioneu- 
roma in case 2 , a, anteroposterior view showing large 
circumscribed tumor m lower medial part of the right 
lnlf of thorax, the sharplj defined shadow is rather 
clnnctcristic ot tint produced b} a ganglioneuroma , 
b, oblique view showing tumor in the posterior medias- 
tinum 

Microscopieall} there was an avascular stroma of 
white fibrous connective tissue through which coursed 
numerous amvehnated nerve fibers There also appeared 
numerous elongated cells with large oval dark-staining 
niclci Large ganglion cells were numerous Thcv 
contained clear light-staining cvtoplasm with large round 
nuclei containing nucleoli Numerous primitive forms oi 
nerve cells (ncurobl ists and thus jotcntiallv mahpnan 
cells') were seen (fig 2) 

Con .i nit on Case I — In this case the tumor 
like imnv mentioned in the literature was silent 
on cl totind onlv when attention was drawn to it 
hv rocntgcnographic examination of the thorax 
It i- s-ud that the vounger the patient the greater 
Ific Lhood that the tumor columns more primi- 


The results of physical examination were liegatn 
except for dulness to percussion and absence of 
sounds over a triangular area in the posterior part c 
the right side of the thorax 

The results of laboratory examinations, mrlnrl i 
urinalysis, an erythroc} te count, a leukocjte count esti 
mation of the value for the hemoglobin, a Kahn ». 
and determination of the sedimentation rate, were ui 
mal in all respects Roentgenograms of the t* > 
revealed a sharply defined soft tissue mass m the pc 
terior part of the right side of the thorax at the ca ■ 
phrenic angle (fig 3) The upper margin of the <mr 



Tig 4 — Photomicrograph of ganglioneuroma in 
2, scattered ganglion cells are surrounded b} bundles 
umvelinated neurons No malignant nerve cells 
visible Section stained with lieniato' v Itn and eo- 
( X 45) 

extended to the bodv of the twelfth thoracic vertel v 
the lower portion was not visible The tumor 1 
mtrathoracic and contiguous to the sptnal column 
did not mtericre with diaphragmatic excursion The 
appeared to be some erosion of the lov er anterior eo.n 
ol the bod of the ninth thoracic ertebra it its ext , 
-uriace Roentgenoscojnc examination did not rev 
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any pulsation of the tumor The preoperative diagnosis 
was neurofibroma 

Operation — The right pleural space was opened 
through an incision m the right tenth interspace This 
revealed a soft tumor, 10 by 15 cm , in the right retro- 
pleural region along the borders of the ninth thoracic 
to the eleventh thoracic vertebrae The tumor was 
densely adherent to the thoracic wall and bodies of the 
vertebrae and could not be dissected free A specimen 
was removed for biopsy, and the wound was closed 
■without drainage 



Fig 5 — Roentgenogram of ganglioneuroma in case 3 


Pathologic Aspects — The microscopic structure of the 
tumor was the same as that of the tumor in case 1, 
except that the ganglion cells were much less numerous 
(fig 4) No neuroblastic elements were encountered 

Comment on Case 2 — It is doubtful that the 
tumor had any relation to the backache as the 
patient was much improved when seen thiee 
months after opeiation This tumor represents 
the type descnbed m the literature as being im- 
possible of removal owing to the dense adherence 
to bony structures 

Case 3 — The patient was a single man 26 j ears of 
age His past history was unimportant On routine 
roentgenographic examination of the thorax conducted 
at an arnn camp, a thoracic tumor was discovered 

Plnsical examination disclosed onh dulness to per- 
cussion o\ cr the posterior superior portion of the left 
half of the thorax The results of laboratory examina- 
tions including urmaljsis, estimation of the value for 
the hemoglobin, an crythrocjte count, a leukoevte count, 
a Kahn test and determination of the sedimentation rate, 
were normal Roentgenograms of the thorax revealed a 
well circumscribed tumor in the left superior part ot 
ic left half of the thorax The tumor had caused 
"rosion of the vertebral portions of the fourth and fifth 
nbs and separation of these ribs with widening ot the 
intercostal space The roentgenologic diagnosis was a 
neurofibroma rising from the fourth thoracic trunk or 
lourth intercostal nerve on the left (fig 5) Roent- 


genographic examination of the thoracic and cervical 
vertebrae did not reveal any evidence of intraspmal ex- 
tension of the tumor The preoperative diagnosis was 
mtrathoracic neurofibroma 

Opeiation — A curved incision was made along the 
vertebral border of the left scapula The scapula was 
retracted medially, and most of the left fifth rib was 
removed from the angle anteriorly The tumor measured 
14 by 8 by 7 cm and was densely adherent to the left 
lateral aspect of the second to the sixth thoracic ver- 
tebrae and corresponding ribs in the posterior gutter 
The tumor was so densely adherent to the fourth rib 
on the left side that the posterior 7 cm of the rib was 
removed with the tumor The wound was closed with- 
out drainage Convalescence was uneventful 

Pathologic Aspects — The gross appearance of the 
tumor was quite similar to that in case 1 Sections of 
various portions of the tumor were practically identical 
with the sections obtained m case 1 but ganglion cells 
were much less frequent No malignant cells were 
seen (fig 6) 



Fig 6 — Photomicrographs of ganglioneuroma m case 
3, sections stained with hematoxylin and eosin, a, char- 
acteristic ganglion cells arranged in groups ami sur- 
rounded bv arm el mated nerve bundles ( X 45) , b, section 
containing two large ganglion cells whose cvtoplasm is 
filled with Nissl bodies, the small dark cells are the 
perigangliomc ‘satellites” (X 435) 

Comment on Case 3 — As is commonly the 
case the tumor was discovered quite b} accident 
and bad caused no symptoms Its removal was 
difficult ow mg to its dense adherence to the bom 
structures ot the thoracic cage 


PROGRESSIVE EXOPHTHALMOS IN TOXIC DISEASE 
OF THE THYROID GLAND 

V REVIEW or THE RECENT LITERATURE, W'lTH THE REPORT OF \ CASE Or PROGRESSIVE POST- 
TH V ROIDECTOM Y PROPTOSIS IN A SIX TEAR OLD NEGRO GIRL 

MAJOR GEORGE M HAIIC 


MLllL'l CORPS ARM\ 

Exophthalmos lias been recognized as a phase 
of the SMidrome of hjperthyroidism literally 
smce the lecognition of the disease, as the nomen- 
cbtme of exophthalmic goiter shows Persistent 
or progiessne post-th) roidectomy exophthalmos 
has been recognized as a possible undesirable 
and a potential!) serious sequel of the operation 
almost from the time the surgical tieatment of 
lv\ pei thyroidism was introduced The success- 
ful theiapv of postoperative exophthalmos, how- 
e\er, is little more than a decade old, and 
intensive study of the problem of both preopera- 
ti\ e and postoperative proptosis has been carried 
out foi an e\ en shorter time, so short a time m 
fact, that Means’s 1 statement in 1942 that “a new 
specialt) of endocnnologic ophthalmology is 
a-bornmg” seems unduly optimistic 

CAUSATION or EXOPHTHALMOS ASSOCIATED 
W r ITII HYPERTHYROIDISM 

Statements concerning the clinical aspects of 
exophthalmos are widely divergent Paulson 2 
and Cattell 3 could find no correlation betw een 
the se\ ent) of the In pcrthyroidism and the 
degree of exophthalmos, though Cattell demon- 
strated a definite correlation between its degree 
and the duration of the thyroid disease Plum- 
mer and Wilder 4 stated that in large groups of 
patients the sercrit) of the proptosis can be 
correlated with the sercrit) of the hjperthyroid- 
imii, as shown b\ high basal metabolic rates and 
w eahness ot the quadriceps femons muscles 

From the G4th General Hospital, and irom Chant' 
Hospital ot Louisiana at New Orleans 

1 Means T H Diseases of the Tiwroid Gland 
Xca England J Med 227 594 602 (Oct 15) 1942 

2 Paul-on D L Experimental Exophthalmos and 
Mu'clc Degeneration Induced In Tlwrotropic Hormone 
P-oc. Staff Meet, Ma\o Chn 14 82S 812 (Dec 27) 
1Q3Q 

5 Catnl! R F> E\e Complication- n Exoph 
•balm.c Goitre Cataracts and Exophth tlmo- Vnn 
S_'g 100 284 203 ( Vug ) 1934 

4 Pirma f \\ A , and VV ildcr R M Etiolog\ 

0 Erop! tlialrras Cc r >stitt. , i~nal Factor- itli Par 

1 cu’a- R^.ererce *o Exop’ i a’m’c Go tc' Vrch Ophth 

13 S52 ('!■> ) 1035 


or THE UNITED ST \TFS 

There is now r fairly geneial agieement th.it 
exophthalmos is likely to be most seveie aftei 
operation in subjects whose preoperative exoph- 
thalmos has been of long duration, and it is also 
agreed that it does not occur either before or aftei 
operation in the absence of toxicity 

There is no agieement as to the incidence 
of post-thyroidectomy exophthalmos, chiefly be- 
cause, as several recent writers have pointed 
out, few statements are based on accuiate mea- 
surements if on any measurements at all Plum- 
mer and Wilder found it difficult to understand 
why a few' patients should present exophthalmos 
after operation while the majority lose such 
degrees as they presented before thyroidectomy 
and show no signs of its recurrence Cattell 
m a statistical study, stated that almost 75 per 
cent of the patients followed up had complete 
or partial relief from their preoperative exoph- 
thalmos Lehman 5 considered postoperative 
improvement due rather to disappearance of 
spasm of the levator muscles and narrowung of 
the palpebral fissures than to recession of the 
eyes He also cited Ruedemann’s observations, 
based on careful measurements, to the effect that 
the average postoperative recession amounts to 
onl) 2 mm 

The studies of Soley 0 and of Galh-Mainim 7 
in 1942 support Lehman’s obseivations Soley, 
who emphasized that the loss of stare associated 
with hyperthyroidism does not necessarily mean 
a decrease in exophthalmos, showed b) exopli- 
thalmometnc measurements that the e)cs of over 
5d per cent of patients with diffuse toxic goiter 
become measurabh more prominent after sub- 
total thj roidectoni) , and also showed that reces- 
sion occurs m onl\ a small percentage of cases 

5 Lehman J A H> perth} roidism in Children, 

West J Surg 44 528 534 (Sept) 1936 

6 Soles, M H Exophthalmos in Patients with 
Various Tjpes of Goiter Arch Int Med 70 206 220 
(Vug) 1942 

7 Galli-Maimni, C Exophthalmometric Measure 
ments in Patients v nh Tfnroid Diseases with Some 
Ducu-sion oi Their Significance Ann Int Med 1C 
415-426 (March) 1942 
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Galh-Mainim concluded, also on the basis of 
exophthalmometric measurements, that while 
patients with no history of exophthalmos during 
the course of their illness piesent normal mea- 
surements after thyroidectomy, those with recog- 
nized protrusion during the active phase of their 
illness always have some postoperative per- 
sistence of the exophthalmos 

The various theories advanced to explain 
exophthalmos include ( 1 ) sympathetic o\ er- 
activity, (2) relaxation of the extraocular mus- 
culature, (3) contraction of smooth muscle in 
the floor of the orbit, (4) vascular abnormali- 
ties, including dilatation of the orbital vessels 
with congestion of the \ascular bed of the orbit, 
and retrobulbai venous engorgement, (5) in- 
crease in the orbital fat, (6) edema of the 
noimal orbital contents, which may or may not 
be associated with edema of the extraorbital 
structures, and hypei trophy of the extraoculai 
muscles (so-called hypertrophic myositis) 

Most of these theories leceive little credence 
at this time although certain cases are observed 
in which even the most unlikely does not seem 
inapplicable Cattell, 3 for instance, pointed out 
that the apprehensive or actually frightened 
expression of a subject with hypei thy roidism 
suggests a sympathetic influence, while the rapid- 
ity with which gross exophthalmos often dis- 
appears after correction of hyperthyroidism sug- 
gests a neivous origin rather than anatomic 
intraorbital change Actually, however, the 
theory of sympathetic overactivity has little to 
support it 

The theory of increased vascularity suggested 
by Trousseau S * * 8 * in 1865 and by Filehne 8 in 1879 
was based on the experimental observation that 
enucleation of normal eyes was not attended by 
the profuse hemorrhage which occurred v’hen 
similar operations were performed on exoph- 
thalmic rabbits Daily and his associates 10 have 
recently reported a case m w'hich the same phe- 
nomenon w'as observed , venous congestion was 
so marked while decompression was being done 
that constant suction was necessary to keep the 
operatn e field clear Eagleton, 11 after a detailed 
discussion of the anatomy and blood supply of the 
orbit, reasoned that a phy siologic increase in the 

S Trousseau, cited bv Swift 23 

9 Tilehne, cited b\ Swift 23 

10 Dailv, R K., Dailv, L, Walker, J D, and 

Peterson, H J Exophthalmic Ophthalmoplegia, South 

M J 35 344-352 ( -\pril) 1942 

11 Eagleton, W P Exophthalmos from Surgical 

Diseases, Especialh as to Imohement of the Protective 

Retrobulbar Space, \rch Ophtli 14 1-40 (Tula) 1935 


amount of blood w'lthin the retrobulbar space is 
promptly compensated for as long as the terns 
and arteries possess their normal contractile 
properties, but that retention of artenot enous 
blood w ithm the limited mtraorbital space neces- 
sarily results in exophthalmos The theory' is 
not universally applicable and does not explain 
the case to be reported herewith 

The most commonly' accepted explanation of 
exophthalmos is the theory' of local structural 
edema, which may be associated with muscular 
hypertrophy These theories do not necessarily 
conflict w'lth the theory' of increase in the oibital 
fat As several recent waiters have pointed out 
older leports are based on gross inspection and 
not on histologic examination, which, had it been 
carried out, might have revealed precisely' the 
same changes reported by' more modern writers 
Another prolific source of confusion is the fact 
that muscle sections are notoriously' difficult to 
interpret 

Edema of the orbital tissues in exoph- 
thalmos was first mentioned by Jones 12 in 1860, 
and in the last several years it has been repeat- 
edly described in the still sparse histologic studies 
made in such cases The first really compre- 
hensive investigations w ere made by Naffziger, 13 
who removed 20 specimens of muscle in the 
course of ten decompression operations In 
every instance, apparently from a combination 
of edema and hypertrophy, the structures w'ere 
fi om three to ten times larger than normal The 
muscles fiequently felt hard and were sometimes 
i ubbery' hard and fibrotic In the most advanced 
cases the tissue w r as gritty to the knife Histo- 
logic changes included in varying degree swell- 
ing of the muscle fibers, loss in stnations, definite 
interstitial edema, ly'mphocy'tic infiltration and 
scar tissue Naffziger’s examinations w'ere un- 
usually' complete, and permitted the statement 
that early', intermediate and late stages of patho- 
logic change may' all be found m the same tissue 
Failure to confirm his observations by some 
waiters may' perhaps be due to less complete 
examinations Whatever the reason discrepan- 
cies have been reported Thomas and Woods 14 
found hypertrophy of the muscle in only' 1 of 3 
recent cases and slight enlargement and degen- 
eiation m only 1 of 6 restudied specimens On 

12 Tones, cited bv Means 1 

13 Naffziger, H C Progressive Exopbtlnlrros 
■\fter Thv roidectomv, W est J Surg 40 530-543 (Oct) 
1932 

14 Thomas, H M, and Moods, A C Progressive 
Exophthalmos Follow lrg Thv roidectomv, Bull loins 
Hopkins Hosp 59 99-113 (4ug) 1936 
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the other hand, Ellett 1= found muscular In per- 
trophy in both of lus cases, Daily and his associ- 
ates 10 found it m 2 of 3 cases Klemnie 10 found 
it in 1 of 2 cases, and Semmes, 1 ' m a single case, 
found the muscles ten times normal size While 
muscular hvpertrophy is thus not universal, 
edema is generally observed It was the only 
obvious explanation of the exophthalmos in the 
case reported herewith, in which degeneratne 
changes were also observed 

Experimental exophthalmos comparable to 
human exophthalmos has been extremely difficult 
to produce, and only the use of pituitary extract 
has been m any way r successful Since recent 
studies supph considerable support of the theory 
of edema with or without associated muscular 
hypertropin one or two mat be briefly' men- 
tioned Smelser 18 for instance, by injections of 
beef pituitan extract, was able to produce defi- 
nite and sometimes extreme exophthalmos m 
trom twelve to twenty davs in 47 of 50 thyio'd- 
ectomized v oung adult guinea pigs The exoph- 
thalmos varied in degree but was loughly pro- 
portionate to the amount of pituitary extract 
used It did not disappeai post mortem but 
often became more pronounced as the lids 
relaxed, particularly in the group of animals in 
which cervical sympathetic ganghonectomy had 
also been done The histologic changes in the 
experimental animals were identical with those 
in 2 clinical cases observed In Smelser, in both 
ot which the eves were lost because of corneal 
damage Except for degenerative changes they 
w ere also similar to the observ ations reported bv 
Xaffziger Smelser concluded that the changes 
which he observed were secondary and were 
caused by mechanical or toxic factors inherent in 
lowered tissue nutrition 

Aird 15 produced experimental exophthalmos 
m guinea pigs by mtrapentoneal injections of 
various extracts of anterior pituitary gland con- 
taining the thyrotropic traction It progressed 
slowly and irregularlv, but persisted atter the 

1' Illicit, E C Lnilatcral Exophthalmos J \ 
M \ 116 1-7 (Jan 4) 1941 

16 Kiemrne, in discussion on S\ itt, G \\ Malig- 
innt Exophthalmos and Operative Vpproach, West 1 
Surg 43 119-120 (.March 1 1935 

17 Scmmts, in di-cm-ion on Naft/igcr H C, and 

Jonc«, Q \\ The Surgical Treatment oi Progres-nc 
Exophthalmos Following Tin ro.dectonn 1 4 M \ 

99 CoS-642 ( \u„ 20) 1912 

IS Sire'-c' G K v Comparatne Studs ot E\ 
ml and Clinical ExopVhah o- \tn I Opluli 
20 11S9-1203 (Dec ) 1«S7 

1'* Vird R h Exitcnn e i al Lxophihalp o-, aid 
\ -^i- cd 'fwjxi'f.v Ir,d, ced b the Tiwotnpr Hor- 
" Irt Me<' 15 : 't4--Sl ibc'’ i l r, 41 


injections had been discontinued as well as dur- 
ing narcosis and after death Myopathy of the 
extraoculai muscles vv as sufficient to account foi 
both the degree and the permanence of the prop- 
tosis, and it was Aird’s opinion that it was quali- 
tatively consistent with changes found in the 
extraocular muscles of human subjects with 
malignant exophthalmos 

Paulson 2 observed protrusion of the eyeballs 
within twenty-four hours after the first injection 
ot an anterior pituitary' extract which contained 
potent quantities of thyrotropic factor (antuitrm 
T ) in 80 per cent of intact animals and in all 
thy roidectonuzed animals The mean percentage 
of w ater in the retrobulbai tissues of treated ani- 
mals, exclusive of the lacrimal glands, was 6 37 
per cent greater than in the tissues of intact 
animals, although the peicentage in the lacrimal 
glands and in the skeletal and cardiac muscles of 
treated animals was not significantly' greater than 
in similar tissues of untreated control animals 

MODERN CONCEPTS Or EXOPHTHALMOS 
ASSOCIATED WITH HYPERTHYROIDISM 

Both experimental and pathologic evidence 
thus points to edema of the orbital structuies, 
with or without muscular hy'pertrophv, as a rea- 
sonable explanation of exophthalmos Even after 
this fact has been established, however, several 
problems still remain to be solved One is the 
fundamental cause of the edema Here the recent 
studies of Means and his associates 20 and the 
speculations based on them throw considerable 
light These authors, who conceive of exoph- 
thalmic goiter as a state of “total endocrine 
imbalance/' call attention to the fact that the 
thyroid and its hormone and the anterior pitui- 
tary gland and its thyrotropic (thyroid-stimu- 
lating) hormone are apparently concerned with 
water balance as well as with metabolism The 
thv roid hormone has been show n to promote 
diuresis and the thy’roid-stimulating hormone of 
the pituitary to promote storage of water Since 
the horniomc balance can be altered in more 
than one way, these authors do not find it unrea- 
sonable that m certain cases of exophthalmic 
goiter the nature of the imbalance is such tin 
storage ot water is the chief manifestation oi 
that the consequences of such storage in tin 
orbit because of limitations of space, may 1 
disastrous 

'I lie most difficult problem ot all is win exopl 
thalmos progresses after thyroidectomy in a cer 

20 Means, J H Hertz S and \\ liliaivn R H 
Graves’ Dnea‘e v illi Dissociation of 1 Inrotoxicosn in 
Ophtlnlmo,) itli\ Tr \ \tn Pin sicians 56 67-74 1941 
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tain small pioportion ol cases, since in the 
majority, even if it does not completely 1 egress 
it at least becomes stationary 01 shows no gross 
increase The once accepted idea that it is pio- 
giessive because sufficient thyroid tissue has not 
been removed is scarcely tenable m view of the 
tact that removal of additional tissue often not 
only does not correct the condition but may, as 
m the reported case, be followed by furthei 
aggravation of the proptosis 

Thomas and Woods 11 have conectlv empha- 
sized that hypothy roidism is scarcely a reason- 
able explanation since exophthalmos is nevet 
observed aftei total thyroidectomy foi heait dis- 
ease Seitchik’s 21 suggestion that post-thyroid- 
ectomy exophthalmos is caused by an inci eased 
secretion of thyrotropic hotnione in subjects in 
a hypothyroid state is purely theoretic 

The obser\ations of Means and Ins associates, 20 
bowevei seem to throw consideiable light on 
postoperatn e exophthalmos In addition to their 
concept of hypei thyroid disease as a state of 
‘total endocnne imbalance,” they have made two 
classifications of the disease In one, the classic 
variety, thyrotoxicosis is the major pioblem In 
the other, which they have named “Graves’ dis- 
ease with dissociation of thy lotoxicosis and oph- 
thalmopathy” and which they call the ‘ special 
ophthalmic type” as a mattei of convenience 
ophthalmologic considerations are predominant 
Indeed, as in the case reported herewith the 
patient frequently first seeks medical attention 
on account of Ins eyes There are also othei 
differences between this type and the classic type 

1 Thyrotoxicosis is mild, absent, or readily 
controlled Tins criterion does not fit the re- 
jiorted case, in which toxicity’ was seveie and 
was extiemely difficult to conti ol 

2 Enlaigement of the gland is not notable 

3 Males aie affected relatively’ more otten 
than females though exophthalmic goitei is moie 
iiequent in females than in males 

4 Response to iodine is supei standard, the 
basal metabolic iates often leaching minus levels 
1 bis occm red in the repoi ted case, m w Inch 
bowevei, the levels weie nevei unusuallv high 
in view of the child’s extreme toxicity 

5 The ocular signs diitei somewhat from 
those ol the classic tvpe in which the conspicu- 
ous featuics aie exophthalmos lid lag and lid 
letraction In the special ophthalmic tvpe ot 
case exophthalmos is relativelv slight but there 

21 Seitchik, I X Mechanism of the Production ol 
Exophthalmos in Exophthalmic Goiter Arch Op! th 
27 702-775 ( April) 19-12 


may’ be marked periocular edema, chemosis of the 
conjunctiva sometimes accompanied by massive 
swelling, injection of the conjunctiva and smart- 
ing and excessive watering Ophthalmoplegia 
and diplopia aie also frequent Most of these 
signs weie present in the reported case in which 
howevei the classic oculai signs were also pies- 
ent and in which exophthalmos was marked 

THERAPV 

The methods ot attacking exophthalmos 
collected by' Naftzigei 12 in 1932 included such 
palliative jnocedures as tai sorrhaphy and can- 
thotomy, incision ot the lid and plastic opera- 
tions on the conjunctiva, and such radical pio- 
cedures as removal of the penoibital fat and the 
Kionlein opeiation Cervical svmpathetic gan- 
ghonectomy has been advocated, but the lesults 
are so poor that the operation has been geneiallv 
discarded, and Hernandez Ramirez and Hernan- 
dez’s 22 report of a successful case is distinctly out 
of the oidinarv 

The ojieiation which Naftzigei 32 devised in 
1932 aftei one of bis patients with piogiessive 
exophthalmos had committed suicide has given 
generally good lesults in the limited numbei of 
cases in which it has been employed It is, how - 
evei a serious procedure, as is shown by the 
tatal outcome in the lepoited case, in which it 
was done by an expenenced neurosurgeon 
Swift s 2J method ot decompression through a 
literal appioach is also a senous procedure 

Sew all,'' 1 in studying the Naftzigei technic, 
leahzed that an equal or even greater amount ot 
space about the orbit might be gained by utilizing 
the neighboring sinuses He theiefore devised 
an opeiation which consists of incision thiough 
the skm of the oibit, entiance into the fiontal 
and ethmoid sinuses complete lemoval of the 
o,bital walls, exenteration of the ethmoid cells 
and lesection of the floor of the orbit Kistner 
emploved this opeiation in 2 of Ins 3 cases and 
tonsideis that it has several advantages ovei the 
Naffziger ojieration Dailv and his associates 3 ‘’ 

22 Hernandez Rannrez, R , and Hernandez X A 
Residual Exophthalmos After Tin roidectorm in Case 
don s Disease Cerncal Svmpathectonn, Arch de ottal 
de Buenos Aires 15 58-64 (Feb ) 1940 abstracted Am 
I Oplith 25 369 (March) 1942 

23 Swift, G \V Malignant Exophthalmos Tr Am 
\ Stud\ Goiter 1935 pp 1-10 

24 Sen all, E C Operatne Control of Progrcssnc 
Exophthalmos Arch Otolarmg 24 621-624 (Xo\ ) 
1936 

25 Ixistner T B Decompression lor Lxophthalmos 
Report ot Three Cases I \ M A 112 17 3S ( Tan 7) 

10,0 
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however, ha\e pointed out that if the frontal 
sinuses are small the Naffziger operation prom- 
ises better results 

The obvious defect of even the best of these 
operations is that it is directed tow ard correcting 
a condition which has already developed and is 
not concerned with its prevention Such pre- 
v entive measures as are available are not entirely 
satisfactoiy Bandaging, the use of cotton 
pledgets and of supersaturated petrolatum gauze, 
and lubrication of the eyes during anesthesia are 
appropriate measures in all cases but are merely 
palliative Opinions differ as to the value of 
cellophane shields, vv Inch Ruedemann - r recom- 
mends He has pointed out the lllogic of suture 
ot the lids , edema cannot be corrected by this 
method and pressure will only be magnified 
against the cornea or the sutures He has some- 
times found it useful to bring up the lower lid 
by Frost's method using a collodion dressing 
to help suppoit the skin of the face 

If the view s of Means and Ins associates -° are 
accepted, the idea that increasing exophthalmos 
is an indication for immediate thyroidectomy is 
no longer tenable The poor results which fie- 
quently follow operation seem to support their 
opinion that thyroidectomy is the measme most 
definitely contraindicated in this vanety of hvper- 
tlnroidism and feeding of thyroid the method 
most definitely indicated The basis of the latter 
suggestion is then personal experimental studies 
which show that thy roidectomv promotes leten- 
tion of water, while feeding of thyroid promotes 
diuresis 

Means and Ins group have outlined a plan ot 
therapy for patients vv ith the “special ophthalmic 
tvpe” of hyperthyroidism, which includes the use 
ot both iodine and thyroid extract, the former 
tor its effect on the basal metabolic rate and the 
latter for its diuretic effect If thv rotoxicosis is 
so extreme that it must be treated irradiation is 
preferred to th) roidectomv, which should be a 
last resort, on the ground that it has a more 
gradual effect on the hormonal balance and 
therefore permits a more gradual readjustment 
of the optic structures Means and his associ- 
ateb also used irradiation of the pituitary gland 
in 1 case with good results, the rationale of the 
method being their concept ot the role 01 the 
thv roid-stimulating hormone in the special 
ophthalmic tvpe’’ of goiter If edema ot the 
orbit is ot sudden onset or if it is extreme, diu- 
retics mav be u«eiul as a temporary measure or 
repeated lumb>r puncture mav be carried out-' 

26 Ri ederrar i v D Exophthalmos Bilateral 
ILxep 1 ’ jilr-os t \d >],« Clevcl-ad Clin Qt art 3 2S1- 
ri fOr- ) 10''. 


Sole), 0 whose woik was presented at about 
the same time as that of Means and Ins associ- 
ates, in general shares these views His con- 
cept is that the only leasonable explanation for 
progressive exophthalmos after thyioidectomv 
is the rapid change fiom a state of In pei active 
lunction of the thyioid to a normal oi sub- 
noimal state He also advocates the substi- 
tution ot n radiation toi thvi oidectonn as a 
moie giadual method ot bunging about this 
change 

Feeding of tlvyioid foi piogressive exoph- 
thalmos after thyroidectomy has been tried with 
varying lesults Thomas and Woods 11 used 
tins method in 5 of their 15 cases with no effect 
at all, and the lesults at the Mayo Clinic, where 
it has been used in combination with iodine 
therapy since 1922 do not seem to be striking 28 
On the other hand, Willard Baitlett Ji - n has 
i eported success vv ith it in 2 cases, in 1 of 
w Inch there was almost complete loss of vision 
In the othei, intense edema about the orbit was 
part of a general myxedema The results might 
perhaps be better if Bartlett’s warning were 
generally heeded that feeding of thyroid be 
instituted without delay when an increase in 
exophthalmos is obseivecl after thyroidectomv 
It seems scarcely necessary to emphasize that 
it this method is used either befoie oi aftei 
operation, there should be frequent deteimina- 
nons ot the basal metabolic rate 

ruport or A CASK 

These studies, most of which aie recent, seem 
to throw light on a case of exophthalmic goiter 
with progressive post-thyroidectomy pioptosis 
observed a number of years ago in a )oung 
Negro child at the Charity Hospital of Louisiana 
at New Orleans Had they been available at 
the time, the outcome of the case might possiblv 
have been different 

Htslor\ — A D a Negro girl aged 6, was brought V 
Clnritj Hospital of Louisiana at New Orleans Sep' 
23, 1936 because ‘her ejes were coming out of hei 
head Until nine months before she had been a heal thv 
ictivc child Then her parents first observed bilatcr 1 
protrusion of the eves, it had progressed gradual!' 
until two weeks before her admission to the hospital 
after which progress had been rapid three month 
bciorc admission it was observed that she hid becon, 
extrcmcK nervous and was constantlv covered wit! 

27 Means J II The Lve Problems in Gnve 
Disease Illinois M J 80 135-138 (Aug) 1941 

28 Haines in discussion on Paulson - 

29 Bartlett m discussion on Naffziger 11 C , ai 
lones, C \\ The Surgical Treatment of Proerc'Si 
Exophthalmos Following Tin roidectomv I \ M A 
99 638-642 ( \ug 20) 1932 
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perspiration She had lost a great deal of weight in 
these tlnee months, although her appetite had become 
progi essively larger The only subjective complaint 
was palpitation 

Examination — Physical examination showed a well 
developed child, who had apparently lost considerable 
weight She was quiet and unusually intelligent for her 
age and race, but seemed apprehensive The tempera- 
ture was 99 6 F, the pulse rate 136 and the respiratory 
rate 32 per minute and the blood pressure 110 sys- 
tolic and 40 diastolic There w as v lsible pulsation of the 
vessels of the neck, and the heart vvas slightly enlarged , 
a soft systolic murmur was heard in the aortic, pul- 
monic and tricuspid areas 

The expression was fixed and staring and bilateral 
exophthalmos (graded plus 4) was present The pupils 
were equal and regular and reacted to light and in 
accommodation The palpebral fissures were greatly 
widened Ocular signs included hd lag, inability to con- 
verge and failure of the forehead to wrinkle when the 
patient looked up Visual acuity vvas within normal 
range 

Urinalysis, serologic tests of the blood and spinal 
fluid and roentgenologic examination of the skull 
revealed no abnormalities Examination of the blood 
showed 4,650,000 red cells and 12,350 white cells per 
cubic millimeter The hemoglobin was 90 per cent 
Roentgenologic examination of the chest revealed an 
enlargement of the cardiac shadow m the transverse 
diameter The initial basal metabolic rate was plus 26 

Ticatmcnt and Preopciative Course — Treatment con- 
sisted of complete rest in bed, a high caloric diet, fluids 
by mouth pushed to the limit of toleration and fluids 
given parenterally as necessary to maintain the proper 
fluid balance Administration of strong solution of 
iodine U S P m doses of 5 minims (0 3 cc ) three 
times daily was begun on September 30 

Tor a few days there was considerable improvement, 
though the pulse rate was never less than 120 per minute 
Then nervous symptoms and restlessness became in- 
creasing!} marked, there were daily elevations of tem- 
perature to 102 5 F , tlie pulse rate rose to 168 per 
minute, diarrhea was profuse, and by October 5 the 
child was in clearcut crisis Administration of iodine 
was discontinued and routine measures for the control 
of crisis were instituted Transient improvement was 
followed by a second crisis, but after October 20 im- 
provement vvas continuous, though the pulse rate was 
seldom lower than 120 to 140 per minute 

Medication with strong solution of iodine had been 
tesumed m 5 minim doses three times a day on October 
11 After October 20 it vvas given in 10 minim (0 6 cc ) 
doses tlnee time a da} in cvcles of four da}s of medica- 
tion and one day of rest \fter November 25 it vvas 
discontinued entirelv The basal metabolic rate, origi- 
nallv plus 26, vvas minus 4 on October 8, minus 32 on 
Octobei 22 and plus 24 on November 23 Examination 
of the blood on October 25 showed 4,960,000 red cells 
and 9,250 white cells per cubic millimeter The hemo- 
globin vvas 100 per cent The cholesterol content of the 
blood on Octobei 29 vvas 170 mg per hundred cubic 
centimeters 

Management of the exophthalmos, winch had increased 
steadily since the child s admission to the hospital, had 
meantime become a serious problem On October 15 
marked bilateral conjunctivitis and episcleritis were 
observed V fold of edematous conjunctiva protruded 
from the lower portion of each eveball overhanging the 
lower hd and preventing closure ot the eves The leit 
e'e showed a beginning ulceration ot the cornea with 
some infiltration of the lovvyr third probable irom ex 


posure and ‘ strangulation ” There w as a moderate 
bilateral purulent discharge Conservative measures 
including hot compresses, bone acid ointment and tap- 
ing of the lids produced so much improvement that 
tarsorrhaphv which had been advised on October 24, 
was postponed 

First Opciation — The left lobe of the thyroid, which 
vvas now stony hard, probably as the result ot long- 
continued therapy with iodine, was removed on Decem- 
ber 3 The immediate postoperative course was stormv 
but after the fourth dav improvement was continuous 
and the patient vvas dismissed from the hospital on 
Dec 27, 1936 At this time the basal metabolic rate 
vvas plus 27 The condition of the right eye vvas lairly 
satisfactory but the left eye showed an opacitv at the 
site of the corneal infiltration 

Serial tests of the function of the livei bv the Quick 
hippunc acid test had been carried out and were inter- 
preted as indicative of grave and possibly permanent 
damage to the liver The highest value, 67 per cent 
of normal, vvas obtained immediately after the child's 
admission to the hospital During the periods ot crisis 
the values fell to 50 and later to 25 per cent of normal 
After lobectomy the value was less than 20 per cent of 



Fig 1 — 4, progressive bilateral exophthalmos eleven 
months after lobectomv B, progressive exophthalmos 
of left eye two months after evisceration of right eve 
and thirty-five days after second stage thy roidectomv 

normal, and when she vvas dismissed it lnd risen to onh 
30 per cent of normal 

Second Admission — The child was brought back 
to the hosiptal on Nov 1, 1937, eleven months alter the 
first operation She had gained some weight and was 
m generally better health The temperature vvas 99 F, 
the pulse rate 100 and the respiratory rate 24 per minute 
and the blood pressure 130 systolic and 88 diastolic 
The thvroid gland was moderately enlarged, especially 
on the right side 

The eyes had not shared m the general improvement 
but had become progressively more protuberant V 
week before the child’s return the right eve had 
become reddened and painful, and a dav or two later 
some discharge was noted Examination showed a 
marked bilateral exophthalmos (fig 14) The con- 
junctiva of the right eve was grtatlv reddened there 
was a gravish exudate over the cornea and a mode-atelv 
profuse yellowish discharge was present, a smear irom 
which revealed numerous pus cells but no bacte' a \ 
diagnosis of panophthalmitis was made and evi c ce-ation 
vvas stated to be inevitable but because oi impro m eat 
under conservative therapy it was pos.ponec -.mi 1 
\ov ember 12 , 
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Second Operation — On November 12 the right eve and less than 20 per cent ot normal on two succeeding 
was eviscerated B> this time the left eve was shghth occasions, which confirmed the original impression of 
injected It was treated with continuous boric acid grave and probably permanent damage to the lner 
compresses and boric acid ointment three times a daj Administration of strong solution of iodine was begun 
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Fg 2 — J, section ot orbital nni'clt-. removed at Naftziger decompression operation Note the ly mphoev tic 
infiltration, the svv tiling and edema oi the muscle fibers and the ab-tnee oi cross striations B, section of orbital 
r' seks remevtd at autopsv nine dave after Naftziger decompression operation Note the absence of hmphocvtic 
i 'd*"* cn and the Ie'S marftd tdema ot the muscle fibers Cross striations ilthough indistinct, arc now present 


a r - I ,>>e later b\ lrstdiatio is ot atropine suit ite oint m 10 minim <io-ts three times a dav on November 29 
r - -*'d dadv bandaging an 1 bv Decemlier 8 the basal metabolic reading v as 0 

1 * a-J 1 ot it ' Qti eK luppunc ac d te't ot tunetion Third Opiratwi — On December 9 lobcctomv was per 
w v a '' p ' eet o ti I'n.al t> i ti t imttal te^t u rti ed on tie right suit v ith the patunt under solutio < 
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of tribromethanol-ether anesthesia Reco\erv was 
fairly smooth, the maximum pulse rate being 154 per 
minute Postoperative therapy included a transfusion 
of 250 cc of whole blood 

The child's general condition showed considerable im- 
provement after operation, though her appetite con- 
tinued insatiable and there was no corresponding gain 
in weight The pulse rate varied between 100 and 120 
per minute She was permitted to be up most of the 
time and plaved about the ward with the other children 
In the meantime, however, the condition of the re- 
maining eye continued to deteriorate (fig IB) Intra- 
ocular pressure was normal, and the fundi and pupillarv 
reflexes w f ere also normal, but the orbital tissues showed 
extreme tension and edema Exophthalmos progressed 
to such a degree that the lids no longer covered the 
eyeballs, corneal ulceration was also progressive, and 
keratitis developed 

Fourth Opeiattou — On Jan 11, 1938, when it was 
clear that no results could be expected from conserva- 
tive therapy and that only radical measures might save 
the remaining ev e, the Naffziger unroofing operation, 
preceded by tarsorrhaphy, was carried out under local 
anesthesia with solution of tribromoethanol The opera- 
tion was without incident except for a slight tearing of 
the dura The orbital fat and ocular muscles were 
markedly edematous and a section of the superior rectus 
muscle (fig 2 A) was reported on as follow's “The 
muscle fibers are somewhat edematous and pale Cross 
stnations are not observed A small amount of hemor- 
rhage is present A slight lymphocvtic infiltration is 
observed ” 

The postopeiative course was uneventful for tvventv- 
four hours On the second day the temperature rose to 
104 F and the pulse rate to 160 per minute On the 
third day a spinal tap revealed bloody cerebrospinal fluid 
under pressure of 14 mm of mercury On the fifth 
day infection of the scalp wound was evident, the 
sutures w ere remov ed and the wound was opened widely 
Sjmptoms of meningitis became progressively clear- 
cut, and death occurred from this cause on the ninth 
postoperative dav 

Autopsy — Postmortem examination revealed acute 
leptomeningitis, abscess of the left frontal lobe of the 
brain, extreme fatty metamorphosis of the liver and 
cloudy swelling of the convoluted tubules of the kidney 
The optic structures (fig 2 B) were leported on as 
follows "The optic nerve and the coats of the eyeball 
show no abnormalities The extraocular muscles are 
pale and slighth edematous Their cross stnations are 
invisible The nuclei are large and vesicular” 

COMMENT 

Aside fiom its ophthalmologic aspects, this 
case is of interest for other leasons Toxic 
thyroid disease in very young children is unusual, 
and in verv voting Negro children it is even 
moie unusual In Bov'ce’s 30 study of thyroid 
disease at the New Orleans Charity Hospital 
ov er a recent tw elv e and a half v eai period there 
"ere 1 S3 cases of toxic goiter in Negioes, onlv 
2 of which, including the reported case, occurred 

30 Bojcc, T F Thvroid Disease in the Southern 
^egro A Comparative Wialvus ot 470 White and 4S2 
'vegro Cases from Chantv Hospital of Louisiana at 
New Orleans Surg , Gvnec &. Obst 70 761-767 ( April J 
1040 


in children under 15 jears of age The other 
child, incidentally, a girl 8 v ears old, died on 
the operating table A casual search of the 
literature has revealed no other instance of pro- 
gressive post-thyroidectom) exophthalmos in a 
v oung colored subject 

Of the devastating character of this patient’s 
toxicity there can be no doubt It was evidenced 
by her extreme neivousness , her voracious appe- 
tite with continued loss of weight or lack of 
gam of weight, her constantly elevated pulse 
rate, respiratory rate and temperature , the crises 
which developed on two occasions, and the 
degree of damage to the liver demonstrated ante 
mortem by serial tests of function and con- 
firmed by postmortem examination The case, 
unfortunately, was handled at a most unpro- 
pitious time, when the new Chanty Hospital 
w as in course of construction During this 
period the makeshift buildings in which the 
population was housed were hopelessly over- 
crowded, especially those foi Negroes, and the 
special nursing, isolation and quiet, which aie 
among the cardinal principles of the manage- 
ment of hjperthyroidism, were impossible of 
achievement The child had to be kept m an 
open ward, in most of the beds of which there 
vv ere at least 2 patients Boyce 30 and Maes and 
Romano 31 have called attention to the difficulties 
attending the treatment of hyperthyroidism dur- 
ing this period, and Boyce has reported 4 cases of 
adults in which the noise and confusion incident 
to the hospital construction seemed to play a 
definite part in the fatal outcome 

It should also be pointed out that the child’s 
patents disregarded the instructions given them 
when she was dismissed after the first opera- 
tion, and ten months (instead of three) had 
elapsed and irreparable damage to the eyes bad 
occurred before she vv as brought back for further 
treatment 

The optic tissues remov ed at operation show ed 
edematous changes, which were also present, 
though to a lesser degree, in the tissues remov ed 
at postmortem examination (fig 2) The case 
thus seems, in most respects to fit into the 
“special ophthalmic tvpe” of goiter described bv 
Means and his associates 30 It mav be that the 
use ot li radiation rather than thv roidectomv , as 
adv ocated bv these authors and bv Solev , 6 might 
have saved the child s eves and ultimatelv her 
life, though this comment of course is not 
intended as a criticism ot the treatment emplov ed 
which met all the criteria for the therapv of 

31 Mae* L and Romano S A Thvroid Disea-e 
n a Nonerdemic -\rea Third Senc« oi Ob^erva- 
tion-- -Win Surer 111 275 2S4 (Feb ) 19-0 
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exophthalmic goitei as it was then concened 
On the other hand, the child’s toxicity was of 
such a degree that it piesented a tin eat to life 
and was in the beginning an e\en more serious 
pioblem than hei progressive exophthalmos 
Whether the outcome of the case might have 
been different had the child’s paients brought 
her back at the appointed time, so that the second 
lobectomy could haie been perfoimed promptly 
is another matter foi speculation 

SUMMARY AND CONCLUSIONS 

The ti eatment of exophthalmos associated \\ ith 
hyperthj 1 oidism, particulaily of the lanety 
wmch becomes progressive after tbyioidectomy, 
has lntheito been unsatisfactory 


1 hyi oidcctomj , fai from correcting the con- 
dition, frequently seems to aggraiate it 
Recent studies indicate that the cause of 
exophthalmos in h) perthj roidism is local edema, 
sometimes associated with hjpertroplw of the 
extraocular muscles 

The proposal that lriadiation be substituted 
foi tlij roidectomv is based on tiie theor\ that 
with a less abrupt alteration in the endocrine 
balance there is a greater chance for more 
giadual leadjustment of the optic structures 
A case of progressn e post-tin roidectorm 
CNophthalmos is reported and is anahzed in the 
light of these new concepts It is unusual 
because of the extreme \outh and the race 
(Negro) of the patient 


'N 



LATERAL ABERRANT THYROID METASTASIS TO THE LYMPH NODES 
FROM PRIMARY CARCINOMA OF THE THYROID GLAND 

RICHARD C CLAY, MD* and SAM S BLACKMAN Jr, MD 

BALTIMORE 


For ovei fifty years cystic papillary growths of 
thyroid tissue in the lateral cervical region have 
been lecognized, but the interpretation placed on 
them has almost uniformly been that they repre- 
sent embryomcally misplaced thyroid tissue This 
explanation is implicit in the term in Shrager’s 1 
generally accepted nomenclature, “lateral aber- 
lant th) 1 oid ” Recently it has been shown clearly 
by King and Pemberton 2 that these “lateral 
abenant thyroid” masses aie in reality metastases 
trom a carcinoma of similai structure in the 
thyroid gland itself 

The following 2 cases recently seen at the 
Johns Hopkins Hospital confirm the work of 
King and Pemberton While 2 cases constitute 
a small series, they are reported as additional 
evidence that papillary cystic thyroid tissue in the 
lateral ceivical region is often metastatic from an 
identical primary tumor m the thyroid Since 
the pnmaiy tumor may be extremely small 
exploration of the thyroid and removal of at least 
the homolateral lobe are indicated 

report or cAsrs 

Case 1 — A white man 21 years old first came under 
obsenation in October 1941 He had always been well 
In the course of a routine physical examination a 
mass 3 cm m diameter was palpated deep in the right 
supraclaMcular region When removed two weeks later 
it was found to lie beneath the sternocleidomastoid 
muscle 

The specimen was a brownish, cystic, gelatinous, 
encapsulated mass measuring 2 by 2 by 3 cm and was 
thought to be lateral abcrrent thyroid tissue Micro- 
scopic examination revealed a papillary cystadenocar- 
cinoma of thyroid tissue m a lymph node together with 
less differentiated masses of epithelial cells imading 
the capsule and the remaining ly mphoid follicles and 
sinuses (fig 1) The final diagnosis was ‘carcinoma 
unading cerwcal lymph node and capsule of papillary 
c\ stadenoma of aberrant thyroid” 

The patient remained veil and repeated roentgeno- 
grams showed that his chest was normal He was 
followed m the outpatient department In Mas 1943, 

* Har\e\ Cushing Fellow' in Surger\ 

Trout the Surgical Pathology Laboraton of the 
Departments of Pathologi and Surgery of the Johns 
Hopkins Unncrsih 

1 Shragcr, V L Lateral Aberrant Th\roid= 
Surg , G\ nec & Obst 3 465, 1906 

2 King, W L M , and Pemberton, T dc T 
So-Called Lateral Aberrant Tluroid Tumors Surg 
Gmkc & Obst 74 991, 1942 


eighteen months after the first operation, m the course 
of another routine physical examination, a firm mass 
v'as felt in the right supraclaticular region An explo- 
ration of the neck v'as performed a few day's later 
and two masses, each 1 5 cm in diameter, were found 
One lay beneath the internal jugular tern and the 
second inferiorly and posteriorly in the posterior medi- 
astinum The right lobe of the thyroid was exposed 
and found by palpation to contain two small nodules 
in the posterior part This lobe was accordingly 
removed The opposite lobe was normal to palpation 
and was left in place 

Examination of the specimens revealed that in the 
right lobe of the thyroid there was a tumor 1 cm in 
diameter, and loosely attached to the lower margin of 
the lobe was another 5 mm in diameter These nodules 
proved to be identical with the lesion rermned from 
beneath the sternocleidomastoid muscle nineteen months 
before (fig 2) The cervical nodules were clearly 
metastases in lymph nodes from the tumor in the 
thyroid Remnants of the lymph nodes could be seen 
at the margins of the metastases The primary lesion 
in the thyroid and all the metastases contained cvstic 
papillary areas, acinus-forming areas with colloid, and 
foci of solid undifferentiated tumor cells There were 
also small scattered foci of calcification in all the 
lesions 

The patient has been treated with irradiation since 
his discharge, remains well, and shows no recurrence 
six months after operation His lungs remain clear 
and no calcified foci can be seen m the neck or medi- 
astinum on roentgen examination 

Case 2 — A white woman, aged 26, was first seen 
m 1937 complaining of a swelling in the left side 
of her neck It had been present for four years and 
was growing larger Her health had been excellent 
and the past family histories were noncontributory 
Physical examination revealed three masses at the 
posterior border of the left sternocleidomastoid muscle 
said to be comparable in size to a lemon, a hen’s egg 
and a walnut respectively Biopsy of one of these 
masses showed what v’as thought to be a papillary 
tumor of thy'roid tissue, probably arising in aberrant 
thyroid tissue (fig 3 A) Accordingly all the masses, 
w hich v’ere found to be encapsulated, w ere subsequently 
excised The thyroid was exposed and was thought 
bt the operator to be normal Microscopically the 
excised masses were identical with the tissue m the 
biopsy specimen, and the final diagnosis was papillary 
cy stadenoma of aberrant thyroid 

In connection with the study of case I in June 1943, 
the microscopic sections from case 2 were reweved 
In all ot them a good deal of 1\ mphoid tissue was 
found, mosth about the penphers ot the nodules In 
some sections the lymphoid tissue contained germinal 
centers and lyanph sinuses, which clearly indicated that 
it was not simph h mphoid follicles which are some- 
times lound in papillan. tumors of the tlnroid, but the 
residue ot Ivmph nodes containing metast3 c es l-om the 

24 
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tumor in the thyroid gland A letter to tile patient of the thyroid and that in the lateral cervical region, 

elicited the information that a slowly growing lump there were two small nodules, 1 and 3 mm m diameter, 

had been noticed in her neck for one year For this in the right lobe of the gland Microscopic sections 

reason she was requested to return and was admitted showed that the large tumor was a papillary cystade- 

to the hospital in October 1943, six years after her nocarcinoma (fig 3 B), while the extrathyroid mass was 

first operation a metastasis in a lvmph node, as evidenced by germinal 

Physical examination on this occasion revealed a centers and lymph sinuses m the surrounding lymphoid 

firm nodular mass, 4 5 by 3 cm , at the lower pole of tissue (fig 3 C) These structures were histologically 

the left lobe of the thyroid gland, but no palpable identical with the metastases removed six years pre- 
lateral cervical masses were felt At operation the viously The nodules in the right lobe were also small 

nodule was found in the lower pole of the left lobe, foci of papillary cy stadenocarcmoma 



Fig 1 — 4, first metastasis of papillary cystadenocarcmoma removed from lateral cervical region in ca~' 
eighteen months before the primary tumor in the thyroid was suspected Remnants of the largely destrov ed 1_, > 
node in which the metastasis lies can be seen here B, another area from the section seen in 4, showing und.iT 
entiated tumor and small foci of calcification in the ly mph node 

and a subtotal bilateral thyroidectomy was done Fur- In this case, then, the primary carcinoma was 
ther exploration of the neck and superior mediastinum palpable in the exposed thyroid at the time of renic 
revealed a single, encapsulated, soft, brownish nodule of the first metastases, and only five vears later L 

2 cm m diameter, lying posterior to the lower pole noticeable to the patient Meanwhile a me tab. 

•of the left lobe between the esophagus and the carotid developed which was apparently not present at 

vessels, but completely detached from the thyroid gland first operation, was not felt on physical ev'wm 

The nodule was removed, and no other masses were at the time of the second, and was discovered only 

found surgical exploration of the neck 

Examination of the specimens showed that, m addi- The patient’s lungs and mediastinum show no 
tion to the mass disclosed at operation in the left lobe dence of metastases on roentgen examination at 
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time of writing, of course, with such slowly growing 
tumors this fact is of limited significance She is to 
receive irradiation of the cervical region 

COMMENT 

The suggestion that carcinoma m so-called 
lateral aberrant thyroids might actually represent 
metastasis from a primary tumor in the thyroid 
originated with Wohl s He reported a case of a 
19 } ear old woman who had five lateral cervical 


roid tissue in the lateral aspect of the neck might 
not be primary in lateral aberrant thyroid but 
metastatic from the thyroid itself 
Eberts'* was even more specific Having seen 
2 patients with "lateral aberrant thyroid tissue”" 
who subsequently had “massive malignant dis- 
ease in the homolateral lobe” of the thyroid when, 
he again encountered a malignant papillary 
adenoma of “aberrant thjroid” associated with 


Tig 2 — l f a focus of papillarj cjstadenocarcinoma from the right lobe of the thvroid m case 1 Oil purely 
histologic grounds this focus would be thought benign B an area of undifferentiated carcinoma from the right 
lobe of the tin roid in case 1 



nodules ot which two showed ‘ papillarv adeno- 
caiunoma” while the otliei three revealed metas- 
t tses of the same tumor in Ivmph nodes The 
piticnt had a verv adherent indurated and 
slightlv cnlaiged tin roid gland probabh car- 
cinomatous’ but biopsv was not performed 
1 lus antlioi concluded tint carcinomatous thv- 

v Wohl W G Carcinoma ot Lateral Aberrant 
1 In roid Interstate M I 24 1044 191/ 


several metastatic Ivmph nodes he explored the 
corresponding lobe ol the thvroid Finding it 
normal to palpation he freed the lobe and en- 
countered on the posterior surface a previoinlv 
impalpable nodule ‘ the size of a spht pea” which 
microscopicallv had the same structure a~ the 
lateral metastases He pointed out that the dircc- 

4 Lberts E V Laura] Cervical \\> r-a t, - 
roid Canad M 1 1 29 32 1933 
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Fig 3 — A, lateral cervical lymph node metastasis from papillary cystadenocarcinoma of the thyioid glan 
m case 2 removed six years prior to thyroidectomy At the time of removal of this specimen, no primary turn 
w as suspected Remnants of the lymph node can be seen in the section B, primary papillary cystadenoca 
cmoma from the left lobe of the thyroid in case 2 This tumor is identical with the previously removed meta 
tasis seen in A C, lymph node metastasis from papillary cystadenocarcinoma of the left lobe of the thyroid see 
in B This specimen lay detached from the thyroid, posterior to the lower pole, between the esophagus and t 
carotid Vessels 
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tion ot 1> mph flow was away fiom the thyroid 
and toward the cervical nodes and that, as with 
certain other carcinomas, metastatic lesions some- 
times outgrew the primary one He concluded 
that “palpation, if negative, should be followed by 
exploration of the lobe ” 

Subsequently Pemberton 5 6 stated in the course 
of general discussions on carcinoma of the thy- 
roid that he believed papillary adenocarcinoma 
of so-called lateral aberrant thyroids was primary 
in the thyroid itself 

Frantz, Forsythe, Hanford and Rogers 0 
analyzed 30 cases of “lateral aberrant thyroid,” 
interpreting 23 as malignant on histologic 
grounds One of their alleged benign lesions, 
however, was stated to be in a lymph node, and, 
as our case 2 indicated, histologic criteria of 
benignancy of these lateral thyroid tumors is 
unreliable Of these 23 patients, 16 had primary 
carcinoma in the thyroid gland, 1 had an 
“adenoma” not further described, and m 6 the 
thyroid was not lemoved because it seemed 
normal to the surgeon In 7 cases some of the 
lateial cervical nodules removed were recognized 
as being metastases in lymph nodes from carci- 
noma of the thyroid The data point inescapably 
to the fact that these tumors were primary m 
the tin roid, while the lateral masses represented 
metastases to the lymph nodes, although this 
point was not made by the authors Among the 
23 patients with malignant lateral cervical masses, 
5 were known to have distant metastases, 1 
having died five months after operation, 2 others 
having suivived foi eight and nine years post- 
opeiatively and anothei having died of mter- 
current disease sixteen months after operation, 
while the fifth, operated on tluee years before 
the papei was written, was alive at that time 

Touroff 7 has recently reported the case of 
a patient who had multiple lateral cervical 
nodules, one of which was found by biopsy to 
be papillary thyroid tissue The nodules were 
subsequently removed along with the homo- 
lateral thyroid lobe, which was seen at opera- 
tion to be enlarged 50 per cent due to a small 
discrete tumor This tumor and the lateral cervi- 
cal nodules all contained papillary thyroid car- 
cinoma, and several of the lateral masses were 
recognized as lymph nodes containing metastatic 
tin roid tumoi The cervical nodules which failed 

5 Pemberton, J de J Treatment of Carcinoma of 
the Th> roid Gland, Ann Surg 100 906, 1934, Malig- 
nant Legions of the Thj roid Gland, Surg , Gynec & 
Obst 69 417, 1939 

6 Frantz, V K, rorsUlie, R, Hanford, J M, 
and Rogers, \V M Lateral Aberrant Thyroid 1 :, 4.nn 
Surg 115 161, 1942 

7 Touroff, A S W Coexisting Carcinomata of 
Tin roid and Aberrant Tin roid with Regional Mctas- 
tace S \nn Surg 113 73, 1941 


to reveal lymph nodes around the tumor were 
interpreted as aberrant thyroid, but there is no 
indication that multiple sections were made to 
ascertain whether recognizable lymph node was 
present at other points m the nodules This case 
was interpreted as representing coexisting iden- 
tical carcinomas of the thyroid gland and aberrant 
thyroid tissue, with metastases m cervical lymph 
nodes An alternative explanation is that the 
tumor of the thyroid gland was primary while 
the lateral masses were all metastases in cervical 
lymph nodes 

King and Pemberton 2 have recently made 
clear that the relation between the “lateral aber- 
lant thyroid” and the thyroid gland is that of 
metastasis and primary carcinoma The\ 
leported 51 cases of malignant “aberrant thy- 
roid” lesions m the lateral cervical legions, of 
which 31 were associated with carcinoma of the 
homolateral thyroid lohe, established by micro- 
scopic examination, inoperability or death No 
microscopic examination of the other 20 thyroid 
glands was made In 19 instances specimens ot 
the thyroid gland and the lateial ceivical mass 
were obtained and weie found to be identical 
Ten of the patients died of carcinoma of the 
thyroid gland, though 1 lived nineteen years 
postopeiatively and another lived nine and one- 
half years after pulmonary metastases were 
demonstrated 

These authors also report 15 cases in which 
the diagnosis was conceded to be papillary car- 
cinoma of the thyroid with metastases to cervical 
lymph nodes to show' that they difier from the 
first senes only in “relative degree of prominence 
of the clinical history and findings of the ‘aber- 
rant’ or thyroid tumor ” Even among these 
cases the primary carcinoma of the thyroid was 
found only at operation in 4 instances, while m 
3 others the surgeon removed what he thought 
was a normal thyroid lobe only to have the 
pathologist find m it a small papillary carcinoma 
identical with the metastases In 60 per cent of 
the cases of this senes the lateral metastases 
contained lymphoid tissue, the same proportion 
which contained such tissue m the first group of 
51 cases The authors conclude that “ aberrant 
thyroid tumors are not adequately treated until 
the homolateral lobe of the thyroid has been 
removed, whether or not a gross tumor is 
evident at operation 

The microscopic appearance of these cvstic 
papillary tumors is not a reliable index of then 
malignancy (ability to metastasize) In 1 of the 
cases descnbed in this paper, neither the pnman 
tumor nor am of the metastases showed micro- 
scopic evidence of anaplasia The tissue v as 
cvstic and papillarv m pattern there were no 
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mitotic figures, and theie was little or no variety 
in the shape, size or'clnomatin content of the 
nuclei The tumors in this case resembled exactly 
those which are usually descubed as papillaiy 
cystadenoma of the thyioid gland 

In the othei case the primary tumoi in the 
thyroid and the cervical metastases contained 
cells ai ranged in a vai lety of patterns There were 
cystic and papillary areas, foci whose cells formed 
laige acini full of colloid and small solid strands 
and masses of undiffei entiated cells without any 
definite aiclntecture The cells arranged m 
these tlnee vva}s showed little or no evidence of 
anaplasia 

Some authois, 8 recognizing the frequent coex- 
istence of “lateral aberiant thyroid” carcinoma 
with carcinoma m the thyroid itself, have inter- 
preted the lateral mass as the primary tumor 
and the thyi oid lesion as metastatic Aside from 
the fact that such a route of metastasis is counter 
to the dnection of lymph flow, such an mter- 
pietation is tenable only if it can be mcontio- 
vertibly shown that the lateial lesion is not a 
metastasis m a lymph node Since a growing 
metastasis fiom a tumoi destroys the node in 
which it lies, landom sections of such a lateral 
cervical mass might well fail to show the aichi- 
tectuie of the lesidual lymph node In the cases 
repoited in the literature the presence of lymph- 
oid tissue m the lateral cervical masses is fre- 
quently noted, but there is no report of a careful 
search by multiple sections for the remains of a 
lymph node in the othei cases Until evidence 
is adduced to show cases m which such careful 
study of the lateral lesions fails to reveal rem- 
nants of lymph nodes and also m which the 
excised thyroid gland on thoiough search reveals 
no carcinoma, the intei pi etation of the lateial 
lesions as primary and any concomitantly occui- 
ling lesions m the thyioid gland as metastatic 
cannot be pioved Such evidence is lacking On 
the other hand, the 2 cases presented here in 
each of which the lateral masses were in lymph 
nodes and a sinnlai tumor was found in the 
thyroid, together with the fact that m every case 
of King and Pemberton m which the thyroid 
was lemoved a tumoi histologicall} identical with 
those in the lateral masses was found in the 
gland itself, point to the explanation that the 

8 Lahey, F H , Hare, H F , and Warren, S 
Carcinoma of the Thyroid, Ann Surg 112 977, 1940 


tumor m the thyroid is primary and the lau.i 
masses metastatic 

SUMMARY 

Two examples of the condition which h 
lepeatedly been described in the medical IiUj 
tin e during the past forty } ears as “lateral a’ 
i ant cervical thyroid” have been studied 
both cases the lateral cervical masses were fc i 
to be metastases in lymph nodes, while the . 
mar} tumor in each case w'as found in the he > 
lateral lobe of the thyroid gland 

In one case the primary tumoi was palpal 
onl} at operation, nineteen months after remc 
of the fiist metastases in cervical hmph nod' 
In the other case three cervical metastases we 
iemo\ed at a time when no tumor was recog' / 
in tiie exposed th} roid at operation Six > -< 
latei, howevei, another cervical metastasis . 
found and the primar} tumor m the liomol ■ > 
lobe of the tlnroid was then about 4 cm 
diametei In this case there were small fc 
of papillar} cv stadenocarcinoma m the opposi 
lobe of the thv roid as w ell 

CONCLUSIOXS 

12v idence from the literature and from 2 au 
tional cases indicates that the lesions long kne 
as lateral aberrant cervical thv roid should 
intei preted, until satisfactor} evidence to • 
conti ai) is adduced, as tumor metastases 
cervical l}mph nodes from small primary * 
cinomas m the homolateral lobe of the th}rc 
When such a lesion is found in the lateral ■ ■ 
cal legion, the thyroid should be explored »• 
at least the homolateral lobe should be remuv 
whether the primary tumoi is palpable or u 
The tumoi may be present m both lobes of 
th} i oid, and if only one lobe is removed 
patient should be watched for the subsei > 
appearance of lesions m the opposite lobe 

The spiead of metastases to lungs, bones 
othei sites may be relatively slow, and this p 
ticulai tumor seems therefoie to lepresent c 
type of caicinoma in which there is rear 
to believe that the disease may be cured 
suigical lemoval of the primary lesion and 
first metastases 

The micioscopic appearance of these 
is not a good index of malignancy since nr 
tases develop which look histologically “being ' 

Johns Hopkins Hospital 
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A REVIEW PREPARED BY AN EDITORIAL BOARD OF THE AMERICAN 
ACADEMY OF ORTHOPAEDIC SURGEONS 

(Concluded ft om page 184) 

NIX FRACTURES 

A FRACTURES EXCEPTING FRACTURES OF THE NECK Or THE FEMUR 

Prepared by H Earle Conwell, M D , Herman F Johnson, M D , Don H O’Donoghue, 
M D , Walter G Stuck, M D , and Eugene M Regen, M D 

Fi actiu es of the Clavicle — Hodgson 489 reports a method for treatment of 
certain fractures of the clavicle which do not respond to ordinary methods or for 
which ordinary methods are contraindicated The usual figure-of-eight bandage 
is applied to hold the shoulders back The patient is then placed in bed with the 
head of the bed elevated, and a muslin bandage is passed through the figure-of-eight 
bandage on the affected side and around the head of the bed The weight of the 
body slipping toward the foot of the bed maintains constant traction of the shouldei 
upward and outward Hodgson states that this will reduce practically any fracture 
of the clavicle It is necessary to keep the patient in bed, on the back, with a small 
pillow between the shouldei blades, foi three to five weeks, until union is secure 

[Ed Note — While this method will undoubtedly maintain reduction in the 
majority of instances, it entails the disadvantage of keeping the patient m bed in 
one position for several weeks It would seem that this treatment should be reserved 
for selected cases oi used only as a method of i educing the fiacture and followed by 
a fixation dressing which will permit the patient to be ambulatory ] 

Slaughter 490 reports on 5 patients with pathologic fractures of the clavicle and 
3 patients with pathologic fractures of the ribs All were persons who had been 
tieated with radiation for carcinoma of the breast Theie was no evidence of 
metastasis All the fractures occurred during normal activity of the patients Only 
3 of the 8 patients were aware of the fracture , the lesions of the others were dis- 
covered in a routine check-up examination The author points out that bone maj 
be piofoundly aftected in the clinical use of radiation He attributes this to two 
factors (1) Bone absorbs more energy from radiation per unit of volume than 
any other tissue, and (2) because of the high calcium content of bone greatly 
increased secondary radiation is produced He believes that massne doses of 
ladiation will cause moie damage to bone than fractional lnadiation with the same 
total dose, since bone makes almost complete recovery from light doses but with 
heavy doses may undergo necrosis In this stage there is no repair and the bone 
becomes a sterile foreign body He warns against placing radium or radon neai 
bone when it is used m interstitial irradiation 

Fiactmcs of the Humcius — Foi supi acondylar fractures of the elbow m children 
with extreme generalized swelling of the region or in cases in which closed reduction 
has failed, Halt 491 believes that manipulative reduction and maintenance of acute 
flexion are contraindicated He has used 4 to 6 pounds (1 8 to 2 7 Kg ) of skeletal 
traction with a Kuschner wne through the proximal end of the shaft of the ulna 
(not tlnough the olecranon process) The line of traction is directed upward 
and forward in relation to the elbow Countertraction is obtained by utilizing the 
v eight of the patient’s body and by attaching a weight of 1 to 3 pounds (0 5 to 
1 5 Kg ) to a padded linen towel and placing the tow r el over the abducted arm 
The entne arm projects bejond the edge of the bed Elevation of the side of the bed 
oi insertion of sand bags between the mattress and the springs protects the child 

489 Hodgson, F G A Treatment for Fractured Clavicle bj Traction, South M J 
35 1079-1080 (Dec) 1942 

490 Slaughter, D P Radiation Osteitis and Fractures Following Irradiation with Report 
of Ti\c Cases of Fractured Clavicle, Am J Roentgenol 48 201-212 (Aug) 1942. 

491 Hart, V L Reduction of Supracondvlar Fractures in Children, Surgerv II 33 37 
(Jan) 1942 
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fiom falling out of bed [Ed Note (L D B ) — loo careful -watch cannot be 
maintained if countertraction is applied by a weight suspended o\er the abducted 
arm, as palsy of the radial nerve ma\ develop in a surprisingly short time In 
many cases the same force can be obtained by cutaneous traction to the forearm 
Sides to the bed with the aim extending tluough the side can be used for counter- 
ti action piovidcd the posts are well padded ] 

Winfield, Millei and LaEerte 49 - behc\e that the “hanging cast” method of 
treatment of fractures of the humerus is most effective They point out that it 
does not depart from established principles as widel) as is generallj supposed, 
as it is one of the best examples of the use of traction The muscles of the arm 
aie relaxed when the arm is hanging at the side, so the deltoid muscle does not 
displace the fragments They use a pad on the inner side of the cast at the bend 
of the elbow if a fiacluie of the middle or lower third of the humerus has a tendenev 
to assume a varus position Manipulation is used, as it has been found that the 
traction cast will produce excellent functional and satisfactorj anatomic results 
Caie must be taken not to use too heavy a cast, since distraction mav be produced 
particularly with tiansverse fractuics One hundred and three cases are reviewed 
The average time the cast was worn was forte -se\cn and one-half davs In 
summary, this method is applicable to most fractures of the humerus, the cast is 
cheap, simple and ease to apple , it is comfortable, it permits ambulation of the 
patient and alloees eaile mobilization of the joints, the penod of hospitalization and 
the amount of physical theiapy icquired are reduced to a minimum, the incidence 
of delayed union and of nonunion is low , and the end results arc equal to or better 
than those obtained by other methods [Ed Near (L D B ) — This detailed 
analysis of such a large number of cases helps to establish the use of the hanging 
cast as the standard treatment for fractures of the humerus ] 

Breck and Basom 193 employ a postenor molded plaster splint for simple tractures 
of the shaft of the humerus without displacement, after closed and open reductions 
and after bone graft operations The splint extends from a point just lateral to the 
base of the neck, over the point of the shoulder and then posterolaterally ovei 
the upper part of the aim, elbow and forearm to the middle of the hand, leaving the 
fingers fiee The aim hangs bj the side with the elbow at a right angle and the 
wrist stiaight A generous pad of sheet wadding is placed m the axilla and a 
small pad m the antecubital fold The splint is held in place with gauze roller 
bandage, and when the plaster has set woven elastic bandages are applied over the 
gauze bandage The aim is then placed in a sling, and another circular piece ot 
muslin encircles the upper part of the aim and the body, pinning the arm to the bod) 
A special hai ness-hke piece of apparatus, made of duck with adjustable straps and 
buckles, is then applied [Ed Note (L D B ) — Recent reports indicate that an 
attempt to produce fixation of the shoulder joint is not necessary in treating 
fractures of the humeius It appears that the hanging cast with circumduction 
exeicises for the shouldei is the treatment of choice ] 

Stuck and Hinchey 404 review 129 cases of fiactuie of the shaft of the humerus 
as regards the form of tieatment and the end results The hanging cast treatment 
(19 cases) gave the best results Union was more rapid and no nonunion occurred 
The other methods were abduction splints or casts (57 cases) delayed oi nonunion 
in 9 cases, lateral traction in bed (23 cases) delayed or nonunion 1 case, open 
l eduction was necessary in only 9 cases, oi 7 per cent [Ed Note (L D B ) — 
This is an excellent review ] 

Fiactwes About the Elbow — MacAusland 405 gives the advantages of use of a 
longitudinal screw or nail over that of absorbable suture m the treatment of fractures 

492 Winfield, J M , Miller, H , and LaFerte, A D Evaluation of “Hanging Cast” as 
Method of Treating Fractures of Humerus, Am J Surg 55 228-249 (Feb ) 1942 

493 Breck, L W , and Basom, W C A Modified Moulded Splint for Fractures of the 
Shaft of the Humerus, South Surgeon 11 410-413 (June) 1942 

494 Stuck, W G , and Hmchey, J J Fractures of the Shaft of the Humerus, South 
Surgeon 11 305-315 (May) 1942 

495 MacAusland, W R The Treatment of Fractures of the Olecranon by Longitudinal 
Screw or Nail Fixation Ann Surg 116 293-296 (Aug ) 1942 
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of the olecranon as (1) better reduction, (2) better retention (3) shorter dis- 
ability and (4) motion in four to five da\ s, against four to file neehs mth the use 
of suture He points out that effectn e treatment depends on t\\ o factors accurate 
anatomic reposition of fragments and sufficient fixation He uses a scren of sut- 
ficient length to engage the cortex of the distal fragment Exercises of the fingers 
and shoulder are started on the second day to presene the tonicit} of the muscles 
Gentle motion of the elbow in flexion and extension can usual!} be started on the 
fourth or fifth da} Remoial of the screw or nail in six months is optional 
[Ed Note (L D B ) — The author has discussed one ot the better methods of 
treating olecranon fractures It should be remembered that frequentl} no definite 
choice can be made as to the method of treatment It the proximal fragment is 
small excision does not interfere w ith function of the elbow and aids earl} recov en ] 

Observation of o\er 1,000 cases of fracture about the elbow led Conw ell 4 ' 10 to 
several conclusions In manipulation of supracond} lar fractures, if there is no 
displacement the elbow should be flexed and this position maintained Flexion 
will be free w hen reduction is complete unless limited b} sw ellmg The degree ot 
flexion for immobilization of the forearm varies inverseh with the swelling It is 
extremely important to watch the circulation m am case ot mjurv of the elbow 
Traction should be applied to the torearm, keeping it in full extension with deration 
to 45 degrees when much swelling is present Aspiration of the hematoma, or 
even incision and drainage, ma} be necessar} Ischemic paral}sis or e\en gangrene 
maj result if too acute flexion is used Skeletal traction is important in the treat- 
ment of compound fractures of the low T er end of the humerus The author adv ocates 
use of sulfanilamide as well as of sulfathiazole m treating these wounds 

A fracture of one ot the condyles, if the fragment is displaced, usual!} requires 
open reduction If the fragment is large in a fracture of the capitellum, it ma} be 
reduced b} direct pressure while the forearm is adducted and shghtl} flexed If 
i eduction is impossible, arthrotorm is indicated for reduction or remoial of the 
fragment A fracture of the olecranon in which there is separation of the fragments 
requires open reduction and fixation by stainless steel wire Motion should be 
started in seven to ten da}S 

Fractures of the head and neck of the radius are found to occur rather frequentl} 
since the increased use of roentgen rays, not onl} as isolated injuries but with other 
injuries of the elbow Operative treatment is adv ocated if as much as one third 
of the head is broken off and displaced Displacement interferes with free motion 
of the elbow If the fragment is small the surgeon is justified m waiting to see 
how r much limitation of motion results before operating 

Dislocations of the elbow' are next in frequency to those of the shoulder, posterior 
displacement being more common A definite click is felt in reducing these, after 
w Inch there is little or no resistance in flexion One should immobilize m as much 
flexion as is safe according to the swelling present Flexion should be maintained 
b} a posterior plaster splint for ten to fourteen davs with gradual extension 
thereaftei 

Lee 4 -’" contends that the serviceable elbows which result after fracture of the 
humeral cond}les in children are due to the reparative power ot the children rather 
than to good treatment of the fractures An anal} sis of 32 cases is presented, w itli 
a report of the end results Some of the patients were seen twent}-two }ears after 
the injur} Although equalh good results were seen to have been produced bv 
open and b} closed methods there was marked difference m the end result roent- 
genograms Malumon and overgrowth of the condvles were evident m the patients 
treated b\ a closed method, while those treated operative!} showed accuratel} 
replaced and well developed condvles Slight limitation ot motion in the elbov 
ma} be disregarded bv both the patient and the phvsician as the joint bears no 


49(5 Conw ell H E Fractures About Elbow Tomt Especialb in Children, Xebra4-a 
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weight aud its useful range is 60 degrees ot flexion to 130 degrees of extension 
The author suggests chromic catgut or a vitalhum nail for fixation of the fragment 
m open reduction Solid healing should be allowed before motion is started 
Forcing the joint causes further damage Motion will return with use provided 
there is no bony block or formation of scar tissue 

Neuwuth 408 has treated a series of fractures of the elbow joint by the non- 
splmtmg method, because so many poor functional results have occurred with 
splinting and because small fragments neai a joint are difficult to control b) 
external splinting even when accurate reduction has been accomplished The arms 
of the patients treated without splinting were placed in triangular bandages 
suspended from the neck, with the elbows flexed Movement of the elbow joint 
as well as of the arm was encouraged as soon as pain had subsided A group of 5 
cases is presented, m which all the patients regained 100 per cent function Neuwirth 
contends that the nonsplinting method of treatment should be the rule and fixation 
and splinting the exception 

After a reuew of the literature and of the end results m 16 cases of fracture of 
the head of the radius in children, Roosval! 400 draws the following conclusions 
1 Fractures without or wuth only moderate displacement (to an angle of 45 
degrees) should be treated conservatively 2 Reduction by manipulation can be 
used also for severe fractures, yielding good ultimate results 3 In cases of greater 
displacement of fiagments, m which reduction by manipulation has failed, early 
operative reduction is to be preferred to extirpation of the displaced fragments 
4 In the case of extirpation, synostosis between the radius and the ulna occurs 
to a great extent, and sometimes also reduction of flexion and extension m the 
elbow 5 In the cases m which the fragment has been removed one also gets a 
fairly pronounced valgus formation m the elbow as a result of remotal of the 
epiphysis wuth consequent impaired giowth A tabular analysis of the 16 cases is 
presented Open reduction w'as done in 3 cases In 4 cases extirpation was done 
owing to the marked displacement of the upper fragment Nine patients were 
treated conservatively Of these, 5 w'ere free from subjective symptoms In 8 the 
configuration of the elbow' was normal, and m 6 function was normal Good 
results were obtained in all except 1 case, in which rotation w'as impossible owing 
to bony synostosis between the radius and the ulna Of the 3 patients treated by 
open reduction who were follow'ed up, all were free from subjective symptoms In 
1 case there was normal mobility [Ed Note (L D B ) — This report is a warning 
against too early and too radical operation for fractures of the head of the radius ] 

Cohn 600 reviews fractures of the elbow' and points out the dangers of loss of 
motion unless reduction is accomplished In the diagnosis, careful clinical exami- 
nation should be performed Roentgen examination alone can give a false sense of 
security, especially in cases of fractures m children It is essential to know the 
date of appearance, the lelationship of and the age of complete ossification of 
the epiphyses in children if i oentgenograms are to be interpreted properly The 
capitellum is the only epiphysis which is apparent prior to the fifth year A common 
source of confusion is the appearance of the epiphysis for the olecranon It some- 
times ossifies through tw'O separate centers, but more often through a single center, 
with ossification proceeding from the tip down Not uncommonly one will find a 
report of a fracture which does not exist Excess callus formation developing later 
in untreated patients may impair motion of the joint 

Operation about the elbow involving the epiphyses should be avoided if possible 
in children If a fracture of the internal epicondyle epiphysis cannot be completely 
reduced, removal of this epiphysis does not cause disturbance of function of the 
elbow' Every effort should be made to avoid the development of Volkmann's 
ischemia When it develops, fasciotomy is indicated, but exposure of the arteries 

498 Neuwirth, A A Nonsphntmg Treatment of Fractures of Elbow Joint, JAMA 
118 971-972 (March 21) 1942 

499 Roosvall, A Fractures of Neck of Radius m Children, Acta chir Scandmav 85 
S40-556, 1941 

500 Cohn, I Fradtures of Elbow, Am J Surg 55 210-227 (Feb) 1942 
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is not recommended Fractures of the head of the radius with displacement usuallv 
require resection, and the author describes a method of operative exposure Opera- 
tion is indicated in many cases of fractures of the upper third of the ulna, to avoid 
angulation of the proximal fragment and the resultant partial ankylosis 

For severe comminuted supracondylar fiactures in which multiple fragments 
are present, skeletal traction by means of a Kirschner wire in the upper portion 
of the ulna just below the olecranon is the best method If there are not too man} 
fiagments and 1 eduction is not accomplished, an operation employing the approach 
through a tiap door m the triceps tendon advocated by Van Gorder with the use of 
screws and plates is indicated Many forms of physical therapy and passive motion 
aie dangerous m the postreduction care of the patients Heat, gentle massage and 
active motion are the most important procedures to be adopted 

Anderson 501 describes the mechanics of “nursemaid’s elbow” as a sudden pull 
on the extended elbow of a small child which causes anterior dislocation of the 
head of the radius followed by pam and disability of the arm The dislocation is 
slight and can be detected only by roentgen examination of both elbows Forcible 
supination while the elbow is bent usually reduces the displacement, and this is often 
accompanied by a definite click It is believed that the infantile radial head is pulled 
through the orbicular ligament, since m early childhood there is not a definite 
radial head to resist this pull There is no definite ligamentous tear, hence 
symptoms are relieved immediately after reduction 

Fiactmes of the Foieaun — Blount, Schaefer and Johnson 502 give a rathei 
comprehensive discussion of fractures of the forearm in children under 12 years of 
age and make a plea for conservative management, with the statement that open 
reduction for fractuied forearms of children is difficult to justify They present 
several cases of excellent functional results in fractures in which there was fair 
ahnement but unusually pronounced lack of apposition In conclusion they give 
the following summary “(1) Fractuies of the foiearm in children are diffeient 
from those in adults and should be differently treated (2) There is a definite 
hazard associated with open reduction of fractures of the forearm m children 
(3) Except at the elbow, open reduction of fractures of the forearm is difficult to 
justify in children (4) Greenstick fractures of the middle third should be reduced 
by completing the fracture in the interest of maintaining ahnement (5) The 
radial head should never be removed in a child (6) If conservatively treated 
most epiphysial fractures of the distal end of the radius will heal without disability ” 
[Ed Note — This is an interesting discussion of an ever present problem The 
fact that ahnement and apposition do not necessarily have to be perfect should 
not be used as an excuse for poor treatment of these fractures In the experience 
■of some open reduction when indicated m the markedly displaced fractures has not 
given the disastrous results reported by the authors ] 

Fi actures of the Lower End of the Radius and Ulna — Darrach 503 surveys all the 
features of the problem of fractures of the wrist and discusses the anatomy, patholog} , 
diagnosis and treatment For comminuted fractures of the lower end of the radius 
he advises placing one wire through the base of the second, third and fourth meta- 
caipals and another wire through the ulna just distal to the coronoid After 
ti action has been applied and the fracture reduced, both wires are incorporated m 
a plaster cast [Ed Note — This is an excellent brief summary of the subject ] 
Sever 504 studied 199 cases of Colles’ fracture roentgenologically before and 
after i eduction Measurements of the degree of dorsal or volar angulation of the 
distal fragments were made The group included simple fracture with little or 
no displacement to sev ere comminuted fracture v ith considerable displacement In 
36 cases the angulation was reduced to 90 degrees , in 24 cases there was an average 

501 Anderson, S A, Tr Subluxation of Head of Radius Pediatric Condition South 
V T 35 2S6-2S9 (March) 19-12 

502 Blount, \V P , Schaefer, A A and Tohnson T H Tract-arcs of the Torcarm in 
Children JAMA 120 111-116 (Sept 12) 1942 

503 Darrach \V Colics’ Tracturc New England T Med 226 594-506 (April 0) 

'04 Sever, T W Colies’ Tincture A Stvidv oi X-Rav Tilms Beiorc ard After 

non New England T Med 22G 790-794 (Mav 14) 1<M2 


234 


ARCHIVES OF SURGLRl 


lesidual clefonvnt) aftei reduction of — 83 degrees Ihus m 60 cases, or 39 per 
cent, the reduction was not satisfactory according to loentgenologic standards In 
92 other cases the average postreduction angle was plus 10 9 degrees Individual 
values vaned from -J- 5 to -f- 30 degrees In cases m which the reduction was 
performed by a suigeon of experience and skill, generally an excellent anatomic 
lesult w r as found Ihc author makes a plea for moie perfect reductions, correcting 
dorsal displacement and ladial deviation, and for more careful preoperatne and 
postoperative roentgenologic interpretation, including angular measurements 

Ruhlin 005 discusses m detail the etiology and pathologv of the condition which 
most commonly occurs in association with fractures of the low'er end of the forearm 
and is probably due to rupture of the radioulnar triangular ligaments, which peimits 
the low'd end of the ulna to separate from the lower end of the radius and cause a 
disfiguiing deformity with occasionally pam and disfunction He mentioned no 
less than twelve difleient operatic technics, stating that each operator seemed to 
have his owm technic, there being no standard accepted method for open fixation 
The plan foi operation is essentially either to obtain solid union between the radius 
and the ulna at the distal end, wnth or without lcsection of the ulna abo\e the point 
of union, or, secondly, to obtain fixation by some type of fascial sling or loop 
between the ulna and the laduts Results are not uniformly good, and operation 
should be ieser\ed foi patients wnth a high degree of disability and pain Nine 
cases were recoided at the University of Iowa Hospital, 4 of the patients came to 
opeiation and the other 5 responded to consenatne treatment, consisting of fixation 
by a wristlet and physical therapy [Ed Note — It would appear obvious from 
the multitude of operative plans suggested that none of them are entirely satis- 
factory The author does not mention the fact that the radius is often foreshortened 
and theie is actually a comparatne lengthening of the shaft ot the ulna which will 
lequire lesection of some portion of the ulna m order to restore a normal relation- 
ship m length between the ladms and the ulna This condition is much more 
common than the leports m the literature w'ould seem to indicate We have had 
3 successful results with fascial transplants, modified Eliason technic ] 

Milch C0G gives a logical and comprehensive discussion of a so-called disloca- 
tion of the low'er end of the ulna He points out that the name of the deformity' 
is a misnomer , that the ulna is the fixed point of the w rist to which the carpus and 
ladius are attached by the ligaments of the w r rist joint He includes a whole group 
of conditions which have a wide variety' of causes w'hich will require similar 
\ ai lety in treatment Prominence of the head of the ulna may be caused by ( 1 ) the 
triangulai fibrocartilage, (2) the ulnar collateral ligament, (3) rupture of the radio- 
ulnar ligaments, (4) actual deformity of the bones of the forearm, (5) disproportion 
m length of the bones of the foreaim and (6) enlargement of the ulnar head itself 
From the standpoint of treatment, types 1, 2 and 3 are classified together as due to 
injuries of a ligament and are best treated by repair of the involved or damaged 
ligament In early stages this can be done by operation on the ligament itself, and 
later the fascial loop operation is the treatment of choice The author emphasizes 
that if the condition is caused by actual deformity of the osseous structures, m 
either actual deviation of either bone of the foiearm or disproportion m length of 
the bones, or by disease of the ulnar head, it is imperative that the bony deformity 
be corrected before any repair of ligaments is attempted Repair of ligaments can 
result only in failure if there is a basic maladjustment between the radius and 
the ulna In most cases correction of the bony deformity' will m itself correct the 
condition and repair of a ligament will not become necessary The author makes 
a plea for careful study of these conditions to avoid needless sacrifices of the head 
of the ulna, since repan of ligamentous stiuctures to the intact ulnar head is much 
moie essential in cases m which the condition is caused by damage of a ligament 
He emphasizes repeatedly that the lower end of the ulna is the fixed point at the 
carpus and that sacrifice of this point can lesult only m imperfect function at best 

505 Ruhhn, C W Subluxation of Distal End of Ulna, J Maine M A 33 197-200 
(Sept) 1942 

506 Milch, H So-Called Dislocation of the Lower End of the Ulna Ann Surg 116 
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[Ed Note — This is an excellent article and merits careful study by an} one lacing 
this problem ] 

Fiachnes and Dislocations of the Bones of the Hands and Feet — Farquhar- 
son 507 belie\ es that the mam cause of delayed union m fractures of the carpal 
navicular is shearing stiains to which the fiacture is subjected by movement at 
the wrist joint He has devised a special splint to give continuous immobilization 
m these fractures The splint is shaped to the contour of the hand and -wrist and 
consists of a light metal framework with an adjustable band of soft aluminum 
which encircles the hand and allows free flexion of the fingers The author 
states that in the cases m which the splint has been emploj ed progressive union 
has taken place [Ed Note (L D B ) — The authoi has described a practical 
splint The value of the paper is in its v arning against incomplete immobilization ] 

Fiactures of the os tuquetrum are believed by Fairbank 508 to be much more 
common than was previously supposed Of 11 fractures of this type that were 
tieated, 10 were small chip fiactures and 1 was a complete fractuie thiough the 
middle of the b one without displacement All wei e due to a backward fall on 
the outstretched hand, in 1 instance in volar flexion and in 10 in dorsiflexion All 
the patients were soldiers, and then ages vaiied from 23 to 37 years Examination 
showed a stiff, weak, painful wrist with pain, swelling and tenderness over the 
dorsum of the os tuquetrum Dorsiflexion and ulnar deviation pioduced pain 
On roentgen examination, all were visible in the lateial but invisible in the antero- 
posterior view The oblique view is most important, as it show's whether the chip 
is from the os tuquetrum oi the lunate bone No attempt w'as made at reduction, 
as the displacement w'as never pronounced Four patients w'ere treated by plastei 
fixation for a time vaiying from four to ten w'eeks The lemaining 7 w'eie placed 
in strappings of elastic adhesive tape (elastoplast) and weie back on full duty in 
one to twenty-eight days, the average being ten days Union took place m all 
cases, although in 1 it lequired tw'dve months With the chip fiactuies, piognosis 
is excellent and ieco\eiy lapid Immobilization does not seem necessaiy for bony 
union The avulsion fractuies are moie senous and lequue longer periods of 
immobilization Minor symptoms may peisist for many months, but they do not 
intei fere with the activities of the patient 

Ferieyra and Cairanza 509 report 8 cases of fractuie of the base of the first 
metacarpal bone and state that the typical Bennett fracture has an oblique direction 
They divide the fractures of the base of the fiist metacarpal into five types, as 
follows (1) total extia-aiticular fracture (transveise oi oblique), (2) mixed 
extia-articular fractures with an mtra-aiticular fragment, (3) articular fractures 
of the Bennett type, (4) articular fractures of the Rolando type (Y shaped) , (5; 
partial aiticular fiactures which aie H shaped and have four fragments, three of 
them intra-aiticulai They point out the importance of accuiate reduction and 
state that the puipose of reduction is to avoid limitation of the four fundamental 
movements of the thumb They hate found that the best lesults can be obtained 
when ti action is exerted m the duection of a line from the center of the fold in 
the elbow' to the styloid apophysis of the corresponding radius 

Fitte ■’ 10 suggests a technic for tieatment of semilunar dislocations Local 
procaine hydxochlonde anesthesia is used, and one-quarter houi later continuous 
traction is applied to the fingeis b\ means ot the Finochetto apparatus with 15 Kg 
of weight for ten to fifteen minutes A roentgenogram is then taken, which maj 
in some cases show' that spontaneous reduction has occurred \ plaster cast is 
applied to maintain the reduction Good reduction was obtained in all S cases b\ 
this technic An improvised traction apparatus is described, for use b} ph\sicians 

507 Tarquharson, E L Splint for Fracture of Carpal Naaicular, J Bone & Joint Surg 
24 922-924 (Oct) 1942 

50S Fairbank, T J Chip Fractures of Os Triquetrum (Carpal Cuneiform), Brit M T 
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who do not have the Finochetto appliance [Ed Note — In isolated dislocations 
of the sennlunai bone one editoi (H E C ) feels that no technic is superior to 
eaily diagnosis followed by eaily reduction by the thumb pressure and manipulative 
technic ] 

Gebhaid" 11 descnbes a method foi the tieatment of fiactures of the metatarsal 
bones in which no fixation is used It consists of application of an antenoi bar 
on the shoe, the bar being placed iy to l)i inches (3 S to 4 5 cm ) obhquel} to 
the metataisal heads m front of the heel, the location being determined by having 
the patient bear weight with the foot m a shoe over a broom handle and the point 
at which weight bearing is fiee of pain is where the bar is attached The bar 
should be high enough to keep the ball of the foot from reaching the floor Gebhard 
states that follow-up roentgenograms levealed uniformly good lesults The theory 
of treatment is that with the bat under the arch of the foot the toes tend to reach 
foi the ground and so aicli the metatarsals into normal position He states that 
the patients weie highly satisfied and that they weie able to return to work •within 
a couple of weeks from the time of injury The method was used in cases m 
which no moie than four metataisals were bioken [Ed Note — No roentgeno- 
giams aie shown , no case reports are giten, and no contraindications to the method 
aie mentioned The 1 ccommcndation of this method would better be supported b\ 
roentgenogi ams and detailed case repoits The author should be urged to present 
his cases in detail to permit furthei study of the method ] 

Fiactwes of the Pelvis — Dewitt 012 reports a case of fracture of the acetabulum 
with medial displacement of the head of the femur Perfect reduction was secured 
by skeletal traction exei ted longitudinally and by a lateral pull secured through the 
use of an eye scieu r fastened into the greater tiochanter Neierthelcss, three years 
latei there were many degeneiative changes in the head of the femur, due doubtless 
to the circulatoiy damage which accompanied the original injury [Ed Note — 
In any case of injury of the hip with dislocation of the head of the femur, it is 
proper to assume that the nutrition of the head is seriously impaired Therefore, 
prolonged protected weight bearing for many months should be a routine recom- 
mendation The author’s method of i eduction w ould appear to be more comfortable 
than most of those generally used ] 

Furey “ 1S leports 96 fiactures of the pelvis, resulting foi the most part from 
gieat violence Eighty -six involved the legion of the obturator ring Sixty-seven 
were posteiior fractuies of the pelvic ring Close study of the bodies, wings and 
foramens of the sacrum gave clues leading to the discover} of many of the more 
obscure fractures Excellent roentgenograms are essential, and in many cases one 
has to reexamine the patient caiefully in the x-ray department when his condition 
impioves, instead of relying on a poi table film, which show’s only the obvious 
fracture of the obtuiator ling The literature leveals leports of fiom 5 to 30 pei 
cent of postenoi pelvic fiactures This contrast with the 70 per cent incidence in 
this series indicates, accoiding to the authoi, that such fractures are being missed 
The laige numbei of fractures of and about the sacrum, occumng mostly as a 
result of automobile accidents, is undoubtedly due to the tiemendous force involved 
m such accidents The authoi believes that closer study of the sacrum and bettei 
detail m the roentgenograms will undoubtedly lead to discovery of many moie 
such fiactures 

Fiactuics of the Femw — Van Goider 514 leviews the modem treatment of 
fractures of the femur and proposes the following standaid form of treatment 
Foi fractures of the femoral neck, a cannulated Smith-Petersen nail, for mter- 
tiochanteric fractures, Russell traction, although operative treatment in competent 

511 Gebhard, U E Simple Treatment for Fractured Metatarsals, Indust Med 11 157 
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hands is being used successfully more and more, for low supracondylar fractures 
open reduction or, if that is impossible because of comminution of the fragments 
skeletal traction from the tibial tubercle through the knee joint m conjunction with 
use of a Thomas splint and a Pierson attachment, and for fractures of the shaft 
of the femur, Russell traction for fractures of the upper third and skeletal traction 
with a Thomas splint and Pierson attachment for fractures of the middle or lowei 
third Under w'ar conditions, the insertion of fixation pins abo\e and below the 
site of fractute, reduction of the fiagments and incorporation of the pins in a plaster 
cast or m a Roger-Anderson steel side bar seems to be the most practical form of 
therapy, since it permits hurried evacuation 

Foi children up to the age of 6 years o\erhead traction with adhesne tape 
applied to the skm is the method of choice Foi childien over 6 years, Russell 
ti action or traction with adhesive plaster applied to the skin m a Thomas splint 
followed by use of a plaster cast, is lecommended In hospitals fully equipped 
for operative proceduies on all kinds of fractures, where fiacture sen ices arc 
established and the treatment of fiactuies is considered a specialty open reduction 
uuth internal fixation is the ideal foim of treatment of all fractures of the fcmui m 
adults 

Piactwcs of the Patella — Dobbie and Ryerson 115 repoit 21 cases of complete 
excision of the patella as tieatment for transverse and comminuted fractures with 
excellent results A good summaiy of the history of treatment of fractures of the 
patella is contained in the article Indications foi total remoial of the patella 
aie all simple fractures with separation of fiagments that lequire open operation 
and all compound fiactures Eithei a transverse or a longitudinal incision is 
employed After excision of the entire patella the lateial and medial tendinous 
expansions are sparingly debnded and sutured Then the cential portion at the 
site of the patellar excision is sutured edge to edge 

Immediately after the operation the patient is encouraged to mo\e freeh about 
m bed, and on the third oi fouith day he is allowed out of bed and encouraged 
to walk, w'lth oi without the aid of a cane according to his desires Between the 
•scicnth and the tenth day' the wound is dressed foi the first time, stitches aie 
removed and all dressings aie discarded Active flexion and extension exercises 
are begun By the end of the second w r eek the patient ambulates well without aid 
of any sort The patient is then dischaiged with mstiuctions to do a considerable 
increasing amount of waillung daily and is encouiaged to walk up and down stairs 
as much as possible At the end of six to eight weeks he is able to walk long 
distances, negotiate stairs and in many instances return to laborious work Of the 
16 patients who could be followed, all had excellent results fiom tin ee to forty -one 
months latci on the basis of the strictest standards D\namometer tests oi 
the power of the quadnceps muscle levealed no impairment oi muscle powti 
lollowang icemen, and m mam cases the ehnamometer reading was 3 to 8 pound' 
{ 1 5 to 4 I\g ) greater in the affected limb 

Postoperatne roentgenograms disclosed 'Oine attempt at regeneration oi tlu 
pitella as cndence of caleific shadows In 1 case in which the patient died of i 
puhnonan embolus seecn weeks postoperalneh sections showed excellent prim m 
union at the Mituie line with proliferation of fibrous tissue and numerous con- 
flm lit, glistening haul areas of \oung growing bone 
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movement and the power aie m no wav inferior to those displayed m the opposite, 
intact limb [Ed Note — The lesults have been observed by one of the editors 
(L D B ) They are excellent Can equally good lesults be obtained by excision 
of the least useful fragment and repair of the soft parts 7 ] 

Thomson E1C discusses the three types of treatment of fractures of the patella 
(1) restorative tieatment, (2) excision of the patella, and (3) removal of loose 
fragments with plastic repair of the patellai tendon He collected 554 instances of 
use of the third type from leading fracture surgeons by the questionnaire method 
He advocates the removal of all but a single attached fragment of the patella in 
either the proximal or the distal pole and suturing of the patellar tendon to this 
lemaining fiagment He believes that the patella is necessary for the mechanical 
advantage it produces by means of its pully action He points out that the osseous 
leparative quality of the patella is poor 

He concludes that the removal of all fragments except one pole of the patella 
i educes the problem from one in which an effot t is made to obtain a union of frag- 
ments of bone that have little osteogenic piopertj to one in which only union of 
soft tissue is involved, without loss of fulcrum stability of the patella or of buffer 
protection to the exposed condjlcs of the femui B\ accomplishing this, the period 
and the amount of disability are reduced [Ed Note (L D B ) — The author 
should be commended for the zeal and enthusiasm with which he has undertaken his 
ciusade against mismanagement of this type of fracture ] 

Wass and Davies 017 summarize the views of Brooke on excision of the patella 
foi a simple transverse fracture and review the lecent literature, showing that the 
consensus is against adoption of this proceduic as a routine measure Unsatis- 
factory results were obtained in 8 cases and are described in detail The incidence 
of ossification in the quadriceps tendon following the operation is discussed The 
authors suggest that the patella should not be excised for simple transverse fractures 
with separation Indications for excision of the patella are comminuted fractures 
with separation, compound fractures and selected cases of patellofemoral arthritis 
following malumted fractures [Ed Note — The ideas piesented by the authors 
coincide with the opinions of most of the editors ] 

Fractal e of the Tibia — Mathewson 018 reports on 132 spiral fiactures of the tibia 
74 being treated by open reduction under ti action m a Bohler frame and application of 
one stainless steel wire loop He is opposed to the two pin method of treatment 
and to plating, because he feels that the incidence of nonunion is greater with 
these methods His method consists of insei ting a pm in the os calcis and applying 
longitudinal ti action in a Bohlei frame with the knee m flexion ' Traction is 
applied to oveicome shortening, and any lotary deformity is coirected The skin 
m the operative field is then prepared and the leg draped On exploring the site 
of fracture, it is almost always possible to obtain a perfect reduction by a simple 
manipulation in the frame Drill holes are made at an angle through the fragments 
in such a way that the upper portion of the loop is in the proximal portion of 
the distal fragment and the lower end of the loop in the distal end of the proximal 
fragment This steel slmg thus pi events shortening A light diessmg is applied 
over the wound, and a long leg nonpadded cast is applied, the leg part being put 
on while the limb is still in the Bohler frame, with the pm in the os calcis 
incorporated The postoperative care consists of immediate motion of the toes 
and contractions of the quadnceps muscle In two weeks the cast is lemoved 
the sutures are taken out and a new nonpadded long leg walking cast with a 
walking iron is applied The patient is encomaged to bear full weight on the 
affected limb, within the limits of pain After six weeks the cast is removed, and 
usually bony union has occuried Phjsical theiapy is then started 
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In the 74 patients treated by open reduction and wiring, all operative wounds 
healed per primam with the exception of 2 Both were opened and packed with 
petiolatum gauze, and in both healing was retarded but solid union was present at 
the end of five months The average period of immobilization m plaster was from 
eight to twelve weeks , the average total period of disability, fourteen weeks Non- 
union occuired m 1 patient, a 37 year old woman who was discharged sixty-seven 
days after opei ation with “good union” and “good functional results ” She 
returned two years latei with nonunion at the site of fiacture After removal of 
the steel wire and drilling of the site of fracture, prompt healing occurred 

Of the remaining 68 patients treated by close reduction, 11 had nonunion 
Thiee of them had been treated by means of simple casts and 8 by the use of 
two pms, one above and one below the site of fracture The author believes that 
the two pin method often maintains distraction, which is a frequent cause of 
nonunion [Ed Note (L D B ) — The author’s opinion as to the distraction 
caused by the two pm method is m keeping with that of some of the editors Obtain- 
ing union at the end of six weeks after open reduction of a fracture of the shaft of 
the tibia is unusual ] 

Raymond 518 lepoits a case of avulsion of the tibial tubercle m a 15 year old boy 
following a severe injury The avulsed fragment was replaced and anchored with 
silk sutures The author states that only a few cases of such a lesion have been 
leported and that good results can be obtained only by replacing the fragment 
by operation 

Pease 520 describes the use of beaded wires foi lateral traction on spiral and 
oblique fractuies of the tibia, and describes their advantages m certain selected 
cases He recommends use of a specially designed lateral bar incorporated in the 
cast, to which the traction nuts are applied, in order to prevent direct pressure of 
the nuts against the side of the cast 

Wilson and Cantwell 821 report 89 cases m which fractures of the leg were treated 
by the use of Stemmann pins through the calcaneus and through the upper end of 
the tibia After reduction of the fracture, both pms were incorporated in a plastei 
cast Early weight bearing was allowed [Ed Note — If reduction cannot be 
maintained otherwise, this method secures fixation It is hard to see the advantage 
of using a walking iron a few days after a fracture of the tibia or fibula No proof 
exists that this hastens healing, and it would seem likely to cause some change of 
position of the fragments in the first few weeks even with this relatively secure 
fixation ] 

Gerwig 522 describes an apparatus for maintaining continuous traction for com- 
minuted, spiral or oblique fractures of the tibia and fibula Countertraction bars 
are incorporated in the cast, and as a modification of several previously described 
apparatus traction is applied from the heel through a spring to an extension bar 
incoiporated in the back of the cast [Ed Note — The apparatus seems to be 
entirely satisfactory for this type of fixation It is particularly emphasized that 
the patient is not confined to bed and has a considerable degree of mobility 
Treatment by this method is extremely limited, since most orthopedic surgeons agree 
that some type of fixed traction is more efficient and comfortable and gives better 
immobilization with the average compound fractures ] 

Child 523 describes m gi eat detail the development of gangrene m the lower 
extremities following fiactuie of both bones of the leg, which had had a severe 
contusion of the soft tissue He reviews the literature and finds that only 40 
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such cases have been reported since 1850 The anatomy of the leg is discussed in 
detail, particularly m regard to the arterial blood supply The suggestion is made 
that the bifurcation of the popliteal artery into the anterior and posterior tibial 
arteries is a particularly vulnerable location, owing to the fixation of the artery 
to the soft tissue at this point and the proximity of the anterior tibial arteiy to 
the upper portion of fibula He notes that the development of gangrene is gradual, 
over a period of several days, and that when it once occurs amputation of the 
extremity apparently is the only remedy The cases reported present no signifi- 
cant etiologic factor, in age or degree or location of injury In many of them 
gangrene developed in the absence of any possible constriction The patients were 
treated without plaster support Child suggests that the cause is probably 
thrombosis of the anterior or posterior tibial artery or both, due to damage to the 
intima of the vessel, which causes the development of the gradually enlarging 
thrombus He thinks this more probable than an actual occlusion of the vessel 
at the time of injury Treatment should be promptly instituted He suggests 
heparinization of the patient and relief of any internal pressure by evacuation ot 
the hematoma and other appropriate measures Repair of the vessel should be 
done if possible, and some form of sympathetic block must be instituted 
[Ed Note — The suggestion that gangrene is due to intimal damage of the vessel 
seems hardly likely, since intimal damage must occur in a multitude of cases and 
not go on to thrombosis or to gangrene His suggestion that this condition be 
looked for is well made, since if any treatment is to be successful it must be 
instituted early It is noted that in the cases reported all but 2 patients had 
amputations and only 1 obtained a useful extremity ] 

Burns and Young 624 analyzed records of 27 patients with simple fractures 
treated from 1927 to 1930 at St George’s Hospital Back and side splints were 
applied for four weeks, during which time massage was given and the joints were 
gently moved Then a plaster cast was applied, and the patient was allowed to 
get about on crutches without weight bearing until union was firm enough for 
the plaster to be taken off The average time of union was eleven and one-half 
weeks For 95 patients with simple fractuies treated m 1941 and 1942 at Botley’s 
Park Orthopaedic Center plaster was applied at the beginning over a thin layer 
of wool, and the average time of union was fifteen and one-half weeks A third 
group of patients, ti eated by internal plating and insertion of a cross screw at right 
angles to the other screws without external fixation, had full movement from the 
start, and there seemed to be firm union by bone in twelve weeks The authors 
conclude from their studies that early weight bearing favors union and that traction 
or use of two transfixation pins for more than a short time hinders union They 
suggest that a certain amount of movement in the early stage may be a stimulus to 
formation of callus and that the much greater immobilization that plaster gives maj 
eliminate this stimulus m the long bones at any rate They conclude that until a 
better method is found of obtaining early union without the danger of sacrificing 
anatomic reduction, the best treatment is plating with a cross screw at right angles 
to the other screws [Ed Note — They base their opinion on the cases of 12 
patients so treated ] 

Dislocations of the Ankle — del Sel 625 describes a pure tibiotarsal dislocation 
without fracture in a woman of 31 He discusses the lanty of this injury and 
points out that the prognosis is somewhat influenced by the common presence of 
lesions of tendons He states that the mechanics of the production of these dis- 
locations is difficult to explain and discusses various theories as to the muscular 
action that brings about the dislocation [Ed Note — One of the editors 
(H EC) has treated and reported on 2 patients with complete dislocations of 
the ankle without a fracture Both patients had excellent functional results One 
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patient had a complete posterior dislocation of the ankle The second C2 " a had a com- 
plete internal lateral dislocation ] 

Fiactures of the Astiagalus — Boyd and Knight 526 have studied 58 cases of 
fracture of the astragalus, and their report is based on this experience The 
astragalus possesses an inadequate blood supply, and it is practically covered with 
articular cartilage Because of the various articulations about the bone, accurate 
reduction of its fractures is important Open reduction with fixation of fragments 
is often necessary If the pioximal fragment is dislocated, subastragalar fusion 
should be done to prevent later deformity of the foot For extremely comminuted 
fractures, astragalectomy is the operation of choice [Ed Note — The authors 
present an excellent classification of these fractures ] 

As a result of study of a series of 30 cases of fractuie and fracture-dislocation 
of the astragalus, Schrock, Johnson and Waters 627 recommend the following 
procedure in case asti agalectomy seems essential an immediate calcaneotibial 
arthrodesis, in which, if available, a poition of the astragalus is used as a surface 
adaptor or wedge to decrease the amount of shortening in the extremity The 
tibia is placed with its anterior margin in the vertical plane of the calcaneocuboid 
joint, and the foot is placed in the optimum position for the individual patient In 
males, a minor degree of equinus (5 degrees) may be desirable, m females, the 
degree of equinus rarely is in excess of 15 degrees The blood supply to the 
astiagalus is relatively poor, and transcervical fiactures interrupt this blood supply 
Revascularization is slow, and hence there is a high incidence of aseptic necrosis 
There is the necessity of early anatomic reduction by manipulation or by open 
reduction, with or without internal fixation, as indicated by the stability of the 
fragments The articular dome of the body must be smooth and the calcaneo- 
astragaloid surfaces accurately apposed 

In the cases in which subastragalar contact is faulty, immediate subastragalai 
arthrodesis is indicated, to obtain earlier function and to prevent pain m the foot 
on weight bearing Tibioastragalar arthrodesis is indicated when there has been 
demonstrable damage to these cartilage surfaces For compound dislocations with 
minor fractures, careful cleansing and detailed debridement, coupled with local 
and general administration of sulfonamide derivatives, give a greater chance for 
successful conservative surgical treatment For compound, severely comminuted 
fractures, the same technic gives a reasonable chance for immediate reconstruction 
With certain markedly comminuted simple oi compound fractures of the astragalus, 
reduction and retention of the multiple fragments are impossible Astragalectomy 
or calcaneotibial arthrodesis seems a necessity Calcaneotibial artlnodesis would 
appear to offer a more satisfactory result than astragalectomy 

Fractures of the Calcaneus — Gray 528 states that the modern method of treat- 
ing crush fractures of the os calcis consists m reduction by traction and compres- 
sion, followed by long immobilization in plaster The articular facets for the 
astragalus cannot be completely and accurately restored by this or any other method 
In addition, this method promotes stiffness of the foot, incurs the risk of sepsis 
and encourages compensation neurosis Conservative treatment leaves a com- 
fortable and mobile foot and avoids the danger of sepsis Lateral spread if con- 
siderable is reduced with a hand clamp , otherwise no attempt at reduction is made 
The patient is confined to bed, weight bearing being forbidden but early function 
encouraged, until the disappearance of deep tenderness shows that adequate 
consolidation has taken place This takes two to three months Alternatively 
the foot is immobilized for the same period in a plaster cast These methods 
were successful in 20 of 23 cases [Ed Note (L D B ) — The author’s end 
results are rather unusual for this fracture ] 
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Dieteile 32D describes a method for treatment of fiacturcs of the calcaneus In 
his discussion of compiession fractures with alteiation m contour, he emphasizes 
the importance of the salient angle, namely, the angle of intersection of two 
lines projected on the upper edges of the superior processes He recommends 
postponement of 1 eduction until after swelling is reduced, ten dajs or so, and then 
the use of skeletal traction He emphasizes the importance of accurate reduction 
and the necessity for arthrodesis of the subastragaloid joint in the case of painful 
weight bearing In discussing skeletal fixation he states that a window should 
be cut m the cast for inspection of the pin [Ed Note — One editor (H EC) 
finds considerable disagreement with Dietcrle’s view that reduction should be 
postponed foi a week or ten days while one is waiting foi reduction of swelling 
His idea of cutting a window for inspection of the pin is certainly open to 
argument ] 

Millei 530 gives a bnef but adequate discussion of fractures of the os calcis He 
mentions the eight types suggested bv Bohlcr, emphasizing that for practical 
purposes the fractures can be divided into two groups — those which involve the 
joints and those which do not He indicates that a good pair of hands and good 
surgical judgment are of moie impoitance than many of the commercial machines 
on the market He emphasizes the necessity of traction in several directions while 
the 1 eduction is being carried out and application of a carefully molded plaster 
cast He makes a plea for caieful and accuiate i eduction in order to minimize 
postoperative pain He suggests that in many cases arthrodesis v ill become neces- 
sary to reduce pain [Ed Note (L D B ) — These conservative views from one 
who has such a thorough knowledge of the foot are worthy of note ] 

Gamm 331 reports the only case yet recoided of an arteriovenous fistula in the 
anterior tibial artery which resulted from the use of a Steinmann pm A seaman 
treated for a fracture of the calcaneus had had a pm inserted through the lower 
third of the tibia Four months later a pulsating mass developed over the anterior 
aspect of the tibia, which was found to be due to a communication between the 
anterior tibial artery and vein [Ed Note — It is queer that this complication 
should not occur more often, in view of the wide use of Steinmann pms m fractures 
of the leg ] 

Bankhart CS2 states “The results of the treatment of ciush fractures of the 
os calcis are rotten They bear no relation to the accuracy with which the fractures 
are reduced ” He expresses the belief that the best result is to be obtained after 
a fracture of the os calcis involving the subastragalar joint is a completely stifl 
but painless foot of good shape, and he recommends a complete triple arthrodesis 
as a primary measure A slight modification m the operative procedure is offered 
m that a short longitudinal incision is first made on the inner side of the foot ovei 
the scaphoid for excision of the scaphoid and removal of the cartilage from the head 
of the astragalus and the base of the cuneiform bone The usual incision is then 
made on the outer side of the foot for the calcaneocuboid joint and the sub- 
astragalar joint 

Fractures of the Spine — Snyder 338 reviews the literature on “shoveler’s 
fracture” and notes that few cases have been repoited in the American liteiature, 
which, m view of the frequent repoits m the foreign literature, indicates that 
physicians m the United States aie overlooking this injury to the spinous processes 
He makes a plea for roentgen examinations at seveial angles and careful study 
of the films, since the injury when overlooked seems to result in continued dis- 
ability He describes the mechanism of the fracture of the spinous processes and 
states that the injury may be preceded by degeneiation of the bone [Ed Note — 
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Early diagnosis of this injury prevents disabilities The treatment is simple, 
consisting of strapping and limitation of function ] 

Rogers 534 reviews the recent advances m the treatment of cervical fractures 
and states that open reduction and internal fixation should be added as modern 
improvements He reviews the adr'antages of skeletal traction and describes in 
detail a method of reducing dislocations by means of a hook passed through the 
spinous processes He describes also an operative fusion m which he uses wire 
and small osteoperiosteal grafts Of a group of 11 patients, 10 achieved solid 
fusion m normal almement Owing to a technical error m the operation, 1 patient 
showed evidence of a recurrence of the displacement Nine of the patients were 
able to letuin to woik [Ed Note — Though laminectomy m the cervical region 
is a tedious, sanguinary procedure, these results and the accompanying roentgeno- 
grams are convincing proof that Rogers’ operation is worth while A great argu- 
ment in favor of it is the pievention of the troublesome late recurrences of the 
dislocation ] 

Darley, Gordon and Matchett 533 repoit 9 cases of spontaneous vertebral 
compression fractures m patients with senile osteoporosis They state that the 
factors governing osteoblastic activity are inadequately undei stood but that atrophy 
of disuse in the sedentary and aged, endocrine imbalance and dietary inadequacies 
(in calcium, vitamin C oi D or piotem) are undoubtedly causatively related 
Endocrine imbalance centers about estrogen, the decrease of which, as seen in 
the postmenopausal syndrome, is associated with increased excretion of calcium 
and phosphorus Eighty to 90 per cent of osteoporosis occurs in women between 
the ages of 45 and 70 Low calcium intake is a common contributing cause, but 
there is no evidence to indicate that extra amounts stimulate osteoblastic activity 
Lack of vitamin D impaiis absorption of calcium from the intestinal tract Bone 
matrix is protein in natuie, and long-standing inadequate intake of protein may 
have an adverse effect Adequate intake of vitamin C is also essential to the 
formation of normal bone matnx 

The prophylactic treatment recommended consists of (1) admonition against 
lifting and straining (however, a sedentary existence should be avoided at all costs, 
if possible) , (2) correction of dietary abnormalities, (3) reduction of weight, and 
(4) support for the back and abdomen as needed 

Easton and Sommeis 530 studied roentgenogi ams taken m anteroposterior and 
lateral views before and after convulsive theiapy of the entire spines of 200 patients 
treated with metrazol (pentamethylenetetrazol) There was evidence of fracture 
in 23 per cent In persons over the age of 55 the incidence was 57 per cent (4 out 
of 7 patients), and in persons under 21 it was 40 per cent (4 out of 10 patients) 
The higher incidence in the oldei group is explained by relatively poor bone 
density, and the lower incidence in the younger, by the fact that the vertebral 
column in youth has not attained its full adult strength All fractuies occurred 
in the dorsal portion of the spine, from the fourth to the eighth vertebra, the fourth, 
fifth and sixth being the most commonly involved Multiple fractures occurred 
more frequently in males than m females, owing to the greater muscular develop- 
ment of the formei and the more powerful convulsions produced The clinical 
symptoms were much milder than would be expected from the roentgenographic 
evidences of injuied spines 

The authors draw the following conclusions 1 Routine roentgenograms should 
always be obtained both before and after convulsive therapy 2 Kyphosis, 
scoliosis, arthritis, nuclear change and old fractures are no contraindication to 
metrazol therapy 3 Osteoporosis is a contraindication Prophylactic measures 
recommended consisted of (1) more careful selection of patients, with at oidance 
of those undei 21 or over 55 and those with osteoporosis, (2) mechanical support 
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of the spme during convulsions by a firm mattress and bed boards, and (3) 
extension of the spine over a sand bag and holding the shoulders down during 
convulsions Spinal anesthesia is not recommended Curare may be of value and 
is being tried When a fracture has occurred, the treatment is a matter of judg- 
ment Usually no treatment at all or about two weeks of rest will suffice When 
compression to one half or less of the original height of the vertebral body occurs, 
the treatment by cast or by Bradford frame is indicated Many of the patients have 
been dischaiged from the hospital and have been gainfully employed for one to two 
years without any complaints referable to the spine [Ed Note (L D B) — Many 
orthopedic surgeons will not agree with the author’s recommendations as to treat- 
ment of the f ractui es ] 

Worthing and Kahnowsky 007 report that 40 per cent of patients treated with 
metrazol acquire compression fractures of the vertebral bodies between the fourth 
and the eighth dorsal level This localization differs from that of the purely 
traumatic fractures, which usually occur between the twelfth dorsal and the second 
lumbar veitebra In order to determine whether secondary changes develop m 
the metrazol-treated group, 8 patients who had multiple fractures were followed 
for two years Complete healing occurred, with no progressive pathologic changes, 
no evidence of Kummell’s disease, no limitation of spinal motion, no pam and no 
radiculitis Of 42 epileptic patients studied foi comparison, none had middorsal 
fractures, 1 had a definite compression fracture of the body of the first lumbar 
vertebra and 1 had evidence of an old fracture of the spinous process of the sixth 
cervical veitebra This difference between the metrazol-treated group and the 
epileptic group indicated a fundamental difference between artificially and naturally 
produced convulsive seizures In persons with tetanus compression fractures 
identical with those seen in the metrazol-treated group have been reported The 
authois offer the explanation that a fully developed generalized seizure ahvays 
has essentially the same features, the tome and the subsequent clonic phase The 
only difference between artificially produced seizures and spontaneous convulsions 
is the onset In metrazol convulsions there is an abrupt onset, with a “first clonic 
phase,” which does not occur in epileptic convulsions The convulsions of tetanus 
likewise have an abrupt onset With electric shock therapy compression fractures 
are much less frequent than with metrazol therapy The reason is that there is a 
latent penod without an abrupt onset before file generalization of the seizure 
(However, if a high voltage is used an abrupt onset will occur without the latent 
period and fractures similar to those produced by the metrazol convulsions will 
develop ) Electric shock theiapy is therefore superior to administration of metrazol 
By using an improved technic, with extreme hyperextension of the spme m addition 
to electric shock theiapy, the authors were able to treat 60 patients without any 
fractures developing The authors conclude that there is no contraindication to 
shock therapy because of the occurrence of fractures, since they can be successfully 
avoided and if they do occur have no clinical significance [Ed Note — One of 
the editors (L D B ) does not agree with the authors’ statement that if the frac- 
tures do occur they have no clinical significance In many cases, owing to the 
patient’s age or to other factors, treatment is contraindicated and the results are 
poor ] 

Fractures oj the Jaw — Waldron 638 gives a comprehensive discussion of the 
treatment of the various types of fractures of the mandible He emphasizes 
the frequency of multiple fractures about the face and jaws and the necessity for 
detailed study He states that in the majority of instances manual reduction can 
be carried out successfully and can be followed by fixation by interdental wiring, 
which gives tight apposition at the site of fracture While he states that many 
fractures will require some special type of apparatus for fixation, it is his opinion 
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that 90 per cent of fractures of the mandible or maxilla can be efficiently treated 
by one or another of the standardized methods of wiring He discusses the various 
types of fractures of the mandible, with a detailed description of the simplest type 
of fixation for each type He details many methods by which posterior fragments 
can be secured by traction from the angle of the jaw, such as extraoral fixation 
with screws and pms, intraoral application of splints and various surgical 
proceduies The multiplicity of the methods indicates that none of them is entirely 
successful, and he mentions the many complications resulting from the various 
types The problem of partially edentulous mandible bone is discussed m some 
detail He emphasizes that if direct surgical fixation is secured it must be in 
addition to fixation of the uppei and lower jaws He suggests that probably it 
is not necessary to remove a dislocated head of a fractuie condyle, since the result 
seems to be essentially the same whether the fragment is or is not removed If 
both condyles are broken, there is a tendency for the jaw to fall backward, and it 
is important to pull the jaw forward in order to secure proper ahnement of the 
upper and lower jaws 

Waldron, 539 in collaboration with Kazanjian and Parker, presents a review of 
the vanous methods of external skeletal fixation for fractures of the jaw, including 
various modifications of the Roger-Anderson method, using two pms in each 
fragment, attached to a fixation bar, by universal joints Many modifications of 
this method are described in some detail with comments by the authors The second 
method of fixation, by skeletal wires transfixing the fracture line passed along the 
long axis of the mandible, is presented and discussed Since this article is essentially 
a leview of the literature, it is impossible to review this article m any detail The 
authors’ summary and conclusions are as follows 

The present methods of skeletal fixation as used by a number of men are the logical refine- 
ments of what preceded, and they will undoubtedly go through a further developmental stage 
until they assume a definite and permanent place m the treament of fractures of the mandible 
There are many possibilities for its employment when used intelligently, but we all fear its 
misuse in the hands of the overenthusiastic The illustrations and roentgenograms of many 
published reports show its use m cases wherein the standard and simpler procedures could 
hare been employed with a greater assurance of a more nearly perfect restoration of the 
occlusion of the teeth They state “let us welcome any new method of fixation offered for 
the treatment of fractures, but we should be discriminating and critical at first, and use it 
intelligently Otherwise, failures may not only do harm to the patient, but may also bring 
disrepute to the method which it does not deserve 

Spamer 540 describes a modification of a simple splint for fixation of severe 
fractures of the mandible or maxilla before emergency transportation of the patients 
to the hospital, where treatment can be carried out Briefly, the splint consists of a 
well fitted cap of any sort, which must fit snugly to the head Wooden tongue blades 
are fastened together to make a strip about 12 inches (30 cm ) long, considerably 
reenforced A crossbar of a single tongue blade is made halfway down the strip 
The whole is then fastened vertically from the forehead, paralleling the nose and 
bisecting the face A pad of cotton is placed under the strip over the forehead Foi 
mandibular fractures the mandible can be pulled forward to the end of this wooden 
strip either with a wire or with suture material around the teeth, or if necessary 
through the soft tissue of the chm to hold the chin up and forward In fractures 
of the maxilla similar fixation can be obtained by wiring around the teeth and up 
to the ciossbar of the splint [Ed Note — This is an ingenious splint and 
certainly should provide more comfortable and safe transportation than the ordinary 
method of fixation ] 

Kazanjian 541 comments m general on the difference between civilian injuries 
to the jaw and war injuries, noting that the w r ar injuries often involve extensive 
loss of substance, not only of soft tissue but of bone Their treatment is much 
more complicated He emphasizes the importance of early treatment, before scar 
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formation occurs in the soft tissues, as the best means of securing adequate cosmetic 
and functional results The three types of fractures discussed specifically are 
(1) fractures of the anterior part of the mandible with teeth in the posterior seg- 
ment, (2) fractures of the lateral part of the mandible with teeth remaining 
posterior to the injury on one side only, and (3) fractures with a distinct loss of 
bone He describes various apparatus for fixation of the fragments and methods 
for securing small comminuted fragments to the general contour of the mandible 
He emphasizes particularly that the methods described were used during the last 
war and he thinks they are equally applicable in this one He states that in treating 
fresh fractures of the jaw, speed, efficiency and simplicity are important, and 
the fixation apparatus should be applied promptly 

With fractures at the angle of the mandible there is often displacement, and, 
since the proximal fragment is toothless, there is no secure way of immobilizing 
the fracture after it is reduced Converse and W akmtz 042 have developed an 
external fixation bar which is attached to pins m each fragment The entire 
apparatus can be locked together after reduction, if obtained In this way, the 
patient has a movable painless jaw while healing is taking place With proper 
precautions the danger of infections about the pms is minimal 

For treatment of fractures of the jaw seen some time after the accident, 
compound fractures, fractures in edentulous jaws, comminuted fractures near the 
symphysis, and fractuies at the angle of the jaw in which the posterior fragment 
is displaced into the uppei buccal fornix, Brown and McDowell 043 have deused 
a simple, ingenious and effective method of fixation A ICirschner ware is drilled 
transversely across the line of fracture, and if necessary an interdental wire is also 
used to supplement the fixation This gives immediate comfort, no external 
bandages or splints are needed, and the results so far hate been excellent The 
wires are easily removed after four oi five wrecks, so that there is no persistent 
disfiguration or danger of late complications [Ed Note — These methods are 
not panacea, neither should a novice use such technic Serious complications can 
and do and have occuired in the hands of those who are not experienced with the 
use of appliances for external fixation ] 

Fiactwes of the Malar Bone — Balkin 044 gives a descnption of the anatomy 
of the malar bone, emphasizing that the so-called fracture of the malai bone is 
ordinarily displacement, since this bone gives aw 7 ay from its attachments to the 
surrounding structures He emphasizes the importance of the fact that the malar 
bone makes up a considerable portion of the orbit and points out that accurate 
reposition is necessary He describes a test of ocular balance to determine vertical 
displacement and states that any great degree of vertical displacement of the eyeball 
is indication for replacement, since this muscular imbalance of the eye is apt to be 
permanent if displacement is extensive He deplores too much dependence on 
roentgen examination, stating that in many cases the x-rays do not actually visualize 
the deformity and that clinical examination is more important Several methods 
of elevation of the bone are described , he prefers reduction by use of a tenaculum 
and direct traction 

Injuries of the Nose — Waldron 045 in a comprehensive article describes the 
various types of fractures of the nose He emphasizes the importance of careful 
suturing of lacerations and careful lavage of the wound if one is to obtain good 
cosmetic results He gives a classification of the types of fractures of the nasal 
bone, with a treatment for each He emphasizes the importance of clinical 
diagnosis A description of the anatomy of the nose is given as a preliminary to 

542 Converse, J M , and Waknitz, F W External Skeletal Fixation m Fractures of 
Mandibular Angle, J Bone & Joint Surg 24 154-160 (Jan) 1942 

543 (a) Brown, J B , and McDowell, F Internal Wire Fixation for Fractures of Jaw 
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treatment He discusses fractures of the nasal septum and comments that many 
fiacture-dislocations of the septum can be reduced promptly and will hold a certain 
portion of the reduction The majority of them, however, if there is serious dis- 
placement, will lequire a plastic operation, which is better postponed until healing 
occurs [Ed Note — This is an excellent and comprehensive article ] 

Compound Fi actures — Macpherson 540 concludes that the best method of 
handling wai wounds is (1) soap and water cleansing of the skin, (2) debride- 
ment, with removal only of devitalized tissue and elimination of pockets and (3) 
generous application of sulfanilamide followed by a nonocclusive type of dressing 
Physiologic rest of the part is best gained by the use of a plaster cast, whether 
the lesion be a fracture or lacerated wound Dressings should be perfoimed as 
infrequently as possible In times of stress traumatic wounds may be safely treated 
by the use of sulfanilamide and a sterile dressing with debridement postponed and 
primary suture postponed for as long as seventy-two hours or perhaps even longer 
Sulfanilamide in crystalline form which does not have to be sterilized and can be 
contained m an ordinary salt shaker is the drug of choice, since it is readily 
absorbed and does not cake m wounds [Ed Note — One of the editors (L D B ) 
believes that sulfathiazole m small amounts has a higher bacteriostatic effect on 
staphylococci, remains longer in the wound and is a more efficient drug than 
sulfanilamide ] 

Ponseti and Gun 547 give a comprehensive and instructive discussion of 
tieatment of injuries, particularly compound fractures, during the Spanish civil 
war They divide the discussion into three divisions (1) treatment on the battle 
field, (2) treatment in the surgical station, and (3) treatment in the base hospital 
With regard to treatment on the battle field, it is emphasized that the essential 
treatment is to provide immobilization and to control bleeding Only superficial 
cleansing was done , no treatment was attempted for the fracture They note that, 
although tetanus antitoxin was very useful, anti-gas-gangrene seium appeared to 
be useless and was seldom used after the first year of the war Prompt evacuation 
to a hospital tram, to a hospital trailer or to a field hospital was recommended 
A comprehensive discussion of treatment m the surgical station is given, 
including the general organization of the station Wounds of the extremities are 
discussed in great detail, particularly their treatment by the closed, or Orr, method 
versus the open air method It is emphasized that in each method an adequate 
suigical procedure is the most important factor, and considerable discussion is 
given as to technic, emphasizing that all traumatized tissue should be removed 
and that none of these wounds should be closed A general order was issued that 
no wound requiring debridement should be closed Drainage was instituted with 
petrolatum gauze or otherwise, and the extremity was immobilized m a plaster 
cast The difference between the Orr method and the open air treatment (the 
latter entailing a window in the cast for observation of the wound) is presumed 
to be understood The authors emphasize particularly the importance of not 
removing a great deal of bone substance and of not disturbing the area of the 
fracture any more than necessary They state that it is much more important to do 
a careful debridement on the soft tissue than it is to meddle with the bone They 
emphasize again that application of chemicals for disinfecting the wound is useless 
The third subject of discussion is treatment in the base hospital A rather limited 
sketch is given as to the various types of after-care Two complications seemed 
most common development of an abscess m the wound, which required opening 
for adequate drainage and secondary debridement, and development of secondarj 
hemorrhage, which was a much more serious complication and often required 
ligation of the mam vessel to the extremity and subsequent amputation The 
authors mention the definite contraindications for the Orr method as being, first, 
necessity for prompt evacuation of the patient, which would entail his removal from 
obsei vation for a period of several hours or several day s, and, second, the patient’s 
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being received from the battle field late, after infection has actually developed 
The authors state that they believe that the Orr method properly carried out, 
and with regaid to its contraindications, is the ideal treatment for persons wounded 
on the battle field [Ed Note — This report is a comprehensive and thoughtful 
article presenting interesting phases developed from actual experience m the treat- 
ment of wai injuries It merits careful study ] 

Baker M8 collected a series of cases from personal communications in which one 
or more sulfonamide compounds w r eie used in treatment of three groups ot con- 
ditions (1) fresh compound fractures, (2) old infected compound fractuies and 
(3) chronic osteomyelitis In a series of 270 cases of fresh compound fractures, 
sulfanilamide or sulfathia7ole, or a combination of the tw'o, with or without oral 
administration of one oi the other drug, were used The general impression from 
this series was that theie had been some improvement m the infection late, but 
whether this was due to more meticulous surgical technic or to the drug the author 
is unable to state The final incidence of severe infections in the 270 fractures was 
about 10 per cent The incidence of all infections, either se\ere or mild, was 
about 20 per cent He emphasizes the importance of careful surgical technic and 
the danger of depending on the sulfonamide drugs rather than on proper surgical 
intervention Of old compound fractures wuth infection, 47 cases were reported, 
with results that were encouraging but inconclusive because of the small series 
Seventy-four cases of chronic osteomyelitis w'ere reported, wuth good results, only 
16 per cent of the patients having final residual infection The impression was 
that there was improvement as a result of use of the diug and of the closed method 
as described by Dickson and Diveley 

Swett 549 urges caution in the use of sulfonamide compounds in the tieatment 
of war wounds and compound fractures, deploring its use in substitution for careful 
and adequate treatment He emphasizes again the danger of relying on chemo- 
therapy and neglecting proper surgical care He review's the proper treatment 
of wounds by debridement and suggests that, while in many cases the w'ounds 
may be closed tightly, if there is danger of local accumulation of tissue fluid, 
drainage should be instituted In cases of massive destruction of tissue he recom- 
mends the use of the Oir technic He uiges the use of plaster rather than splints 
in order to prevent edema of the tissues and to get adequate fixation to soft parts 
as well as to bone [Ed Note (L D B ) — The author’s recommendation of the 
use of plaster fixation is most timely m view' of the present enthusiasm foi pins 
and external fixation ] 

Orr 960 states that the pi inciples of modern treatment of a compound fiacture 
must be not a technic, a method or a chemical cure, but a program If a complete 
regimen can be applied to every compound fiacture situation, which includes 
immediate reduction of fractured bones and neighboring soft parts, piovision 
of adequate drainage, immobilization in correct position during healing and recovery 
with the limb in the best length and position for ultimate function, then the w'ound 
will take care of itself He outlines the following procedure For open infected 
fractures or fractures requiring surgical operations, immobilize the patient at once 
in traction and in the best position on the operating table Do a thorough 
debridement or drainage operation if necessary Pack the entire wound open with 
sterile petrolatum gauze, using no sutures, drainage tubes or antiseptic dressings 
Apply an extensive, well fitting plaster of pans cast Do not change dressings or 
disturb the cast, the wound, the dressings or the injured part except when theie 
are definite local complications 

The greatest service a surgeon can render to a patient with a compound 
fiacture is to (1) protect him against further injury, (2) restore all the injured 
parts to correct anatomic relationship at the earliest possible moment, (3) provide 
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adequate drainage foi all areas of infected or contaminated tissue, including bone, 
(4) maintain correct length and position, absolutely, and (5) protect the patient 
against trauma and infection and even against himself until he has obtained as 
good a result as his injured parts will permit 

The long series of articles by Oir is veil combined in the article from the 
Swgical Clinics of North Amettca He reviews again the history of treatment 
of wounds and compound fractures He elucidates the principles on which modern 
treatment, which is in effect the Orr treatment, is based He gives in great detail 
the Orr method of treatment and concludes 

My conclusions from twenty years of observation at home and abroad seem to me to be 
unavoidable 1 The greatest service that a surgeon can render to the compound fracture 
patient is to (a) protect him against further injury, ( [b ) restore all the injured parts to correct 
anatomic relationship at the earliest possible moment, (c) provide adequate drainage for all 
contaminated or infected tissue areas — including the bone, ( d ) maintain correct length and 
position — not relatively, but absolutely — for physiologic function during healing and for use 
of the injured part upon recovery, and (e) protect the patient against trauma, against infec- 
tions, and even against himself until he has obtained as good a result as Ins injured parts will 
permit 2 That surgeons now are easily misled by mercurochrome, by maggots, and the sulfa 
drugs as Lister and his associates were by the mercurial antiseptics, boracic acid, and other 
chemicals useful as germicides but not cures for wound infection Chemical irrigation or the 
antiseptic wet dressing as a cure for infected wounds is as much a fallacy as the carbolic 
sterilization of the atmosphere 3 And, that, finally, compound fractures call not for a cure 
but a program — which I have here ventured to propose 

[Ed Note — There is no question that the Orr method for treatment has 
tremendous advantages ovei oldei methods, and it is particularly applicable for 
treatment of war casualties, but it should have combined with it any benefits that 
are to be derived from the use of the sulfonamide drugs ] 

Weil, Whitaker and Rusbridge 561 present a review of their records on the local 
use of sulfathiazole in the treatment of compound fractures and traumatic wounds 
“The greatest value of sulfathiazole is the inhibitor-reducing properties of the 
drug when applied locally in sufficient amounts at the earliest possible period fol- 
lowing the injury to tissues ” 

Many investigators have found that sulfonamide compounds have little or no 
detrimental effect on the defensive mechanisms of tissue cells Wounds heal in 
normal time without excess serum or scar tissue Microscopic studies of tissues 
from skin grafts treated with sulfathiazole showed granulation tissue to appear 
normally, and there was adequate production of collagen and capillaries Traumatic 
wounds should be treated with sulfonamide compounds during the period of 
contamination, which is agreed to be the first four to six hours Sulfathiazole 
is recommended by the authors for use after preliminary culture, immediate 
debridement and irrigation and complete hemostasis The wound should be closed 
without drainage and the part placed at rest by splinting Patients with osteomye- 
litis have responded favorably to treatment by placing healthy bone chips m the 
thoroughly curetted cavity, filling it with sulfathiazole and closing the wound 
Immobilization is essential Few organisms were found in routine bactenologic 
studies in cultures of wounds m the first six hours Positive cultures were obtained 
from 50 5 per cent of compound fracture wounds and from 39 9 per cent of wounds 
in the soft tissues The antibacterial effects of sulfathiazole used locally offset 
any local irritation or delayed healing which may result Local application does 
not present the hazards of oral administration as the rate of absorption is low In 
185 reported cases of compound fractures, traumatic W'ounds and simple fractures 
lequinng open reduction, 8 deaths resulted, to 1 of which sulfathiazole was felt to 
be a contributing factor During the administration of sulfathiazole, renal function 
should be w r ell balanced and maintained to prevent gross damage to the kidneys 
No clinical or electrocardiographic evidences of cardiac change ha\e been noted after 
administration of sulfathiazole One patient with subacute bacterial endocarditis 
recened 5,000 grains (300 Gm ) of sulfathiazole without any evidence of cardiac 

551 Weil G C , Whitaker, D W , and Rusbridge, H W The Local Therapeutic 
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involvement Observations on the combined use of zinc peroxide and iodine and 
sulfathiazole have so far been favorable 

Frankel and Funsten 002 leport 20 from a series of 28 cases of compound 
fiactures of long bones in which sulfonamide drugs were used locally All the 
patients were seen within eight hours except 1, who was not admitted to the 
hospital until twenty-four hours aftei the mjuiy Routine treatment for compound 
fractures was used in all the cases This includes (1) immediate splinting, 
(2) sprinkling the wound with sulfanilamide or sulfathiazole or both, (3) shock 
theiapy, (4) in the operating room, thoiough debridement and irrigation, (5) 
closure of the wound if seen during the eight hour safe period and if no tension 
is present, (6) spi inkling the wound with a sulfonamide compound before closure, 
(7) after reduction, application of a snug plaster No infections developed in 
the 28 cases Nonunion occurred in 1 case of fracture of the humerus in which 
there was much loss of bone and soft tissue Amputation was advised, but the 
patient refused The time required for union varied from sixteen to forty weeks 
with the fractures of the tibia Fiankel and Funsten feel that the use of sulf- 
anilamide or sulfathiazole in the wound at the scene of the accident or on the 
patient’s admission to the hospital is of value m preventing infection 

Jensen and Nelson 5 - 3 give a summary of experimental investigations of the 
effects of sulfanilamide on compound fractures of the ribs in guinea pigs with 
the wounds contaminated by staphylococci, stieptococci or Clostridium w’elchn, or 
a combination of any two Sulfanilamide has been found to be more effective wdien 
implanted locally than when administered systenncally in the prophylaxis of wound 
infection Local application of sulfanilamide will not pi event infections in the 
presence of massive numbers of contaminating organisms, although it does appear 
to lessen the severity of infection Devitalized tissue will inhibit the activity of 
locally implanted sulfanilamide Foreign particulate matter will protect the con- 
taminating organisms against sulfanilamide Sulfanilamide locally administered is 
more effective against Cl welclui and Clostridium histolyticum infections than the 
systemically administered drug It is of little value against Clostridium septicum 
or Clostridium oedematiens with either route of administration In wounds care- 
fully excised gas bacillus infections are rare unless invasion and devitalization of 
the tissue by virulent aerobic organisms occur (e g hemolytic streptococci) 
Locally implanted sulfanilamide will protect against this type of infection and 
consequently greatly reduce the incidence of anaerobic infection Sulfathiazole 
locally implanted is effective against Cl septicum (Hawking) Polyvalent serum 
(antitoxin) seems to be the most effective agent against Cl oedematiens (Hawking) 
Delay of even one hour in local implantation of the drug in wounds contaminated 
with gas bacilli materially reduces the effectiveness of sulfonamide compounds 
(Legroux) The antibacterial action of sulfanilamide is directly proportional to 
the temperature It is suggested that means be used to keep the temperature of 
a wound at 37 C or above during the first twenty-four to thirty-six hours A 
summary of clinical results in 212 consecutive compound fiactures and 15 compound 
fracture-dislocations shows (1) The incidence of infection was 44 pei cent 
(since 2 of the fractures were due to secondary contamination after infection had 
been eliminated from wounds, the incidence of infection is really 3 3 per cent) , 
(2) debridement and immobilization remain the basic essentials of successful 
treatment of compound fractures, (3) with careful debridement and local applica- 
tion of sulfanilamide, internal fixation with vitallium can be safely and perhaps 
advantageously undertaken (20 compound fractures have been internally fixed 
without a single instance of wound infection) , (4) interrupted fine silk suture 
is used for buried ligatures and sutures as well as cutaneous closure, (5) prophy- 
lactic anti-gas-gangrene serum as well as tetanus antitoxin should be routinely 
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used m cases of traumatic wounds even though adequate debridement is done and 
sulfanilamide powder is implanted m the wounds 

The use of sulfanilamide m wounds reduced the incidence of infection m 
compound fractures treated at the Minneapolis General Hospital from 27 per cent 
to 3 3 per cent It reduced the average stay of patients in the hospital from ninety- 
six and three-tenths to thirty days Two cases of gas gangrene occurred (less than 
1 per cent) in 212 consecutive cases of compound fractures treated with local 
implantation of sulfanilamide, while 7 3 per cent of the control patients treated 
without sulfanilamide had gas gangrene [Ed Note (L D B ) — This report 
comes from the Minneapolis General Hospital, where the first clinical studies of 
the local use of sulfonamide compounds as a therapeutic measure were made 
It is an excellent summary ] 

Epluchage (excision of a war wound in its entue extent) is, according to 
Fruchand, 554 the most important curative factoi All other therapeutic procedures 
aie secondary, and even after an initial delay this treatment can be carried out with 
success This term implies a much more extensive operation than debridement 
or enlargement of a wound The latter has been in vogue since the wars of the 
sixteenth century, while epluchage was perfected as a method in 1915-1916 

Fruchand does not use suture in any traumatic wound “It is not worth 
the risk, if the result is to effect a cure of ninety per cent in fifteen days, instead of 
one hundred per cent in two months ” 

The closed plaster method of treating wounds was described by Ollier in 1870 
and was rediscovered in the years from 1914 to 1918 It has been used by the 
author for twenty years with consistently good results Immobilization of wounds 
is complementary to epluchage but does not compensate for inadequate surgical 
treatment Immobilization is advocated for large muscular lesions and for wounds 
of nerves or muscles which may result in malposition The results of epluchage 
are better the earlier the procedure is tamed out, although many wounds will 
recover after much delay if the wound is thoroughly opened and any fracture 
completely immobilized 

The author states “In the use of sulphonamides we must beware of the 

exaggerated enthusiasm of certain American writers This is undoubtedly 

an excellent auxiliary treatment, but it will never prevent complications without 
surgical intervention ” [Ed Note (L D B ) — A review of the American lit- 
erature will acquaint the author with the fact that thorough surgical treatment has 
been recommended by the American surgeons and that a majority of their articles 
have been written as a warning against any tendency to let the sulfonamide 
compounds cause them to grow careless ] 

Pathologic Fi actives — Sirbu and Palmer 655 report 15 cases of march fracture 
occurring in the armed forces It is their opinion that march foot is the result of 
a definite fracture of the metatarsal occurring in an inherently weak foot They 
comment that in all of their cases, and indeed shown m all of the roentgenograms 
that have appealed in reports of other cases, there has been a short first metatarsal 
They conclude that injury occurs from imbalance of the foot that causes undue 
strain on the second and thud metatarsals, which are ill fitted to carry on the 
unusual stress thrown on them when the person goes into active army training 
particularly with addition of a heavy pack Their fractures were evenly divided 
between the second and third metatarsals, which again added to their conviction 
that the condition is due to undue stress on these tv\ o metatarsals, caused by fault) 
distribution of weight bearing, in which the first metatarsal does not carr) its share 
of the weight The treatment suggested is either immobilization or, as m the 
majority of then cases, simple strapping of the foot with padding to support the 
weight away from the involved metatarsal [Ed Note — It has been our experience 
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that almost every patient with inarch foot required a certain period of rest and 
fixation in the eaily convalescent period ] 

Peterson c60 states that with the expansion of the Army there has been an 
mciease in march fractures of metatarsals but that spontaneous development of a 
crack thiough the lower end of the shaft of the femur has not previously been 
observed in this country The findings are typical and resemble those of march 
fracture in the foot Tieatment is simple, and complete recovery follows adequate 
immobilization [Ed Note — It has come to our attention that Lt Col P M 
Girard, chief of orthopedic surgery at Brooke General Hospital, Fort Sam Houston, 
San Antonio, Tex , has observed 3 such cases, which he will report later ] 

Epiphysial Sepai ations — Sloane 507 reports on a patient 12 years of age who 
received an injury to the wrist with dorsal displacement of the distal radial 
epiphysis Reduction was similar to the treatment of Colics fractures, and a normal 
wrist resulted [Ed Note — The author quotes Aitkens’ n ' ,s work in which it is 
stated that while perfect i eduction of the displacement is desirable good results 
invariably follow even if i eduction is not complete Subperiosteal new bone repairs 
any defects so that there is no residual disability The conclusions of one editor 
(L D B ) are that this is not always the case, neither does it warrant neglect or 
an indifferent attitude toward a diligent attempt at closed reduction with complete 
replacement of the displaced epiphysis ] 

Kaplan, Sprague and Benjamin 05Sa report a case of bilateral traumatic separa- 
tion of the distal femoral epiphyses without accompanying fracture as a result of 
extensive injuries to both knees in a child of 11 years Roentgenograms revealed 
complete separation of the distal femoral epiphjses with anterior rotation and 
displacement With the patient under general anesthesia, traction was applied, 
and then each leg was forcibly flexed under the thigh while gentle pressure was 
applied over the epiphysis Long leg casts were applied with the knees m acute 
flexion Roentgenograms levealed perfect reduction Eight weeks later the casts 
were discarded and motion begun Tw ? o and a half months later the patient was 
able to walk without support, and at the end of three and a half months the child 
had no limitation of motion and walked without a limp Roentgenograms taken five 
months after the accident disclosed perfect healing 

External Skeletal Pm Fixation for Fractwcs — The results obtained m 40 
patients treated by the Stader reduction splint by Shaar and Kreuz 058b are reported 
as far more satisfactory than those obtained by any other method previously employed 
by the authors The splint is described as being applicable m the treatment of various 
fractures and in bone grafts, bone lengthening and joint transfixion The out- 
standing advantages of this splint, according to the authors, are its structural 
strength and comparative light weight and its mechanical design, which permits 
complete control of bone fragments in all planes as well as traction, impaction and 
fixation Since the method embodies the basic requirements of accurate reduction 
rigid uninterrupted immobilization, immediate active motion and early restoration 
of function in a single compact unit, it is the most ideal for use aboard ship and 
in field hospitals and for tieatment of a large number of fracture casualties in 
the shortest period of time The postoperative care is reduced to a minimum 
Joints are free for active motion, and therefore the splint favors earlier union 
Insulation of the pms to prevent electrolysis about them is under study The 
observations are encouraging, but not yet entirely conclusive [Ed Note (L D 
B ) — Many of the patients who have reported to my associates and me in our clinic 
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for treatment following the use of the various “pm and external splint” appliances 
hate had draining sinuses about the sites of insertions of pins The study of the 
insulation of the pins to prevent electrolysis is of interest 

Leu is, Breidenbach and Stader 55Sc present here m detail the construction of and 
application of the Stader splint, which was first developed for use m dogs They 
state that some 1,200 animals have been treated with satisfactory results The 
apparatus is one used to connect two half-pms inserted on each fragment of a 
fractuie of a long bone Ihe principle is similar to that used by Roger- Anderson 
with Ins half-pin and external traction splint The authors present 20 cases, with 
details on 4 In the 4 cases reported on in detail the results were excellent They 
report however, 3 cases of serious infection about the site of the pins which 
represents some 15 per cent of the cases in which the method was used [Ed 
Note — A 15 per cent incidence of infection seems rather high, considering the 
many otliei satisfactory methods which can be used for similar types of fractuies 
This splint is being given extensive trials at various hospitals, and the final word 
has not been given as yet It probably will be found to be highly useful in certain 
selected cases but hardly applicable for routine treatment for fractures of the long 
bones When it is used, it should be by a surgeon who knows how to use it and 
who knows its limitations ] 

Convalescent Cate of Patients with Fiactiues — Kennedy 5583 makes a timely 
appeal for proper convalescent care of patients with fractures He makes mam 
practical suggestions A patient with a fracture enters the hospital a broken man 
but not a sick man It is the doctor’s responsibility' to keep him from becoming 
ill A separate fracture ward is better for morale than placing patients with 
fractures among those who are ill It is stimulating to have a set time for daily 
calisthenics m bed, which keep normal extremities from becoming soft and flabby 
A well developed social service department enables the patients to feel that some one 
really cares how they get along Occupational work in bed helps overcome the 
tendency to give up and leave it all to the compensation board [Ed Note — These 
high lights give only a rough outline of the intelligent approach made by the author 
to the problem of preserving patients’ morale ] 

B FRACTURES OF THE NECK OF THE FEMUR 

Hart 559 in reporting 2 cases of fracture of the femoral neck emphasizes the 
importance of the difference between the adduction type of fractured neck of the 
femur, in which there are a separation Of the fragments and a shearing force 
across the line of fracture that tend to keep the fragments apart and prevent union, 
and the abduction type, in which the fracture is impacted and the head is thrown 
into valgus position on the neck and fortunately either weight bearing or muscular 
pull forces the fragments together rather than apart With the first type of fracture 
it is important to get adequate fixation, preferably internal fixation, in order to 
secure union The second type of fracture is already impacted and in excellent 
position This type of fracture always unites without any special form of treat- 
ment, the author states [Ed Note — The author’s last statement should be 
modified as follows “In most instances an impacted valgus fracture of the femoral 
neck unites ”] 

Compere, Wallace and Lee 560 discuss various materials for internal fixation 
of intracapsular fractures of the neck of the femur Hips obtained at necropsy 

558c Lewis, K M , Breidenbach, L, and Stader, O The Stader Reduction Splint for 
Treating Fractures of the Shafts of the Long Bones, Ann Surg 116 623-636 (Oct) 1942 

558d Kennedy, R H Convalescent Care of Patients with Fractures Am J Surg 55 
309-316 (Feb) 1942 

559 Hart, V L Fractures of the Neck of the Femur, Surgery 12 763-767 (Nov ) 1942 

560 Compere, E L , Wallace, G , and Lee, J Materials for Internal Fixation of Intra- 
capsular Fracture of Neck of Femur, Arch Surg 44 327-338 (Feb ) 1942 
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were freed of all soft tissue with a minimal amount of trauma to the periosteum, 
but no dissolving, decalcifying or fixing chemicals were used Each femur was 
mounted in a plaster of pans cylinder which extended just above the lesser tro- 
chanter A concave plaster mold was made to fit over the femoral head, so that 
force could be directed downward on the head over a wide area by means of a 
hydraulic press All hips were fractuied with a measured force, and most fractures 
of the neck occuired from the superior edge of the head downward and laterally 
toward the lesser trochanter The average force of fracture in a group of 13 
hips was 1,655 pounds (745 Kg ) , m a group of 5 the force was 1,769 pounds (796 
Kg ), and m a group of 4 it was 1,456 pounds (655 Kg ) After almost anatomic 
reduction, insertion of three highly tempered stainless steel wires, gage 0 080, with 
fifty-six threads to the inch, the breakdown or refracture force averaged 455 pounds 
(205 Kg ) for the fiist group, of 13 hips In the second group, of 5 lnps, three 
Stemman pms were introduced, and the breakdown force averaged 372 pounds 
(167 5 Kg) In each of the remaining 4 hips a Snuth-Petersen nail was intro- 
duced, and the average refracture force was 348 pounds (1565 Kg) The 
threaded wires compared favorably with the larger nail or pms in resisting break- 
down force Holding or distraction force was also measured by calculating the 
force in pounds required for pulling the head and neck apart at the line of fracture 
aftei pinning with the Smith-Petersen nail, three Stemman pins or three threaded 
wires inserted m the usual criss-cross fashion This distraction force averaged 
50, 87 and 116 pounds respectively (22 5, 39 and 52 Kg ) The authors found 
the average breakdown force of hips pinned with wires m the transverse position 
to be 726 6 pounds (327 Kg), as compared with that of the contralateral hips 
pinned with obliquely placed wires, which was 452 pounds (203 5 Kg ) — a differ- 
ence of 271 pounds (122 Kg) 

The authors concluded that the holding power of three small threaded steel 
wires is greatei than that of the Snuth-Petersen nail or of larger nonthreaded 
Stemman pms Small threaded nuts on each wire may be tightened securely against 
the lateial cortex of the femur to prevent migration The authors felt that the 
insertion of threaded steel wires produced minimal trauma to cancellous bone and 
were unlikely to injure nutrient blood vessels since they constitute no real obstruc- 
tion to revascularization They have used this method successfully both m the 
treatment of recent fractures of the neck of the femur without casts and with 
almost immediate ambulation and also in conjunction with tibial bone grafts m 
the treatment of old unumted fractures of the neck of the femur, and they did 
not find it necessary for immobilization They state that this method is mechanically 
efficient because it is believed to be physiologic, relatively atraumatic and less 
likely to contribute to delayed aseptic necrosis than methods requiring grosser 
trauma and greater displacement of cancellous bone of the fractured fragment 

Thomas 561 discusses the end results of screw fixation in the treatment of 
mtracapsular fractures of the femoral neck Aftei reduction he used Whitmann’s 
abduction-internal rotation cast and operated through a window overlying the 
greater trochanter He states that after incision a fingei may be pushed antenoi 
to the trochanter to determine the direction of the neck and a carpenter’s screw may 
be introduced J4 inch (1 27 cm ) below the margin of the trochanter The second 
screw may be introduced just below the first far enough so as not to overlap the head 
of the upper screw The patient lemamed in the cast for ten days and generally 
had a satisfactory lesult No infections occurred, and there was only 1 instance 
of nonunion, which was due to the screws’ being too long After lemoval of the 
two screws and the introduction of a third screw, this patient still had nonunion 
with aseptic necrosis One patient because of a second fall had a refractui e through 
the screws, but after introduction of another screw union occuried The autlioi 
states that satisfactory results may be obtained by this method 

561 Thomas, T T End Results of Screw Fixation in Intracapsular Fractures of Neck 
of Femur, Am J Surg 57 65-75 (July) 1942 
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Fitzgeiald and Clark 502 describe a combined film holder and pelvic lest which 
helps achieve accuiate, lapid and clear 1 oentgenogi ams during opeiations foi 
fractures of the femoial neck The appaiatus holds the film steadily or at the 
correct angle and in the same position for each exposuie The x-ray film may 
be removed from the opposite side of the table fiom the operator [Ed Note — 
The apparatus appeals to be simple and piactical ] 

Cleveland 203 leviews 110 fractures of the femoial neck tieated dunng a decade 

extending from 1930 to 1940 The fust 50 patients weie tieated by manipulation 

and application of a plastei of pans spica oi ti action in a few instances Four- 
teen per cent of these patients died as a result of the fiactuie, and 61 pei 
cent had nonunion In 1935 internal fixation was first used with open reduction, 
and of the 14 patients tieated m this fashion only 7 oi 50 per cent obtained union, 
and in only 2 of these was the lesult wholly satisfactoiy 

In the second group, of 60 patients, 52 weie treated by open reduction and 

8, who had undisplaced fractures, weie not opeiated on The 8 who were not 

operated on all had healing without evidence of condensing osteitis of the femoral 
head or aseptic necrosis The three phalange nail v f as used in all cases in which 
operation was perfoimed In 3 of the cases nonunion and extensive aseptic 
necrosis developed, and in 2 theie was bad nonunion with pronounced deformity 
In some cases of open reduction there developed overgiowths from the acetabular 
margins, perhaps due to stripping of the periosteum Closed reduction and internal 
fixation were carried out foi 37 patients, m 27, oi 73 pei cent, union resulted, 
but 4 had slight condensing osteitis and 1 advanced aseptic necrosis Twenty- 
five, or 86 per cent, of this gioup aie living and have union Cleveland states that 
adequate reduction and internal fixation result in a high peicentage of union 
Of the 38 patients treated by closed reduction and internal fixation, 26, or 68 
per cent, had almost perfect reduction, and in 6, or 16 per cent, the fracture 
was reduced so that bony apposition v'as 75 per cent or better In 5 there was 
malunion, with resulting deformity In 2 of the cases of malumon there were 
circulatory changes in the femoral head Cleveland states that the most important 
cause of such circulatoiy disturbance has been failure to reduce the fracture and 
keep it i educed He also points out that actual or so-called migration of the nail 
is usually' due to impiopei reduction and that migration occurs almost exclusively 
m unumted fractures Patients with nonunion may be benefited by a trochanteric 
osteotomy In his series accurate reduction of a fractured neck of the femur by 
manipulation and fixation by a properly placed three phalange nail lesulted m 
unions m a high percentage of patients, and 86 pei cent survived with only a low 
incidence of circulatory disturbance m the femoral head [Ed Note — This is 
an excellent review of an important subject ] 

Brittain 5G4 describes internal fixation with a thi ee phalange nail foi treatment 
of trochanteric or extracapsular fractures of the femur He mentions that treat- 
ment of trochanteric or basal fractures of the neck by traction on a Thomas splint 
or by a plaster of pans spica is extremely difficult and requires skilled nursing 
and constant attention of the surgeon The disadvantages of nailing this type 
of fracture are presented The opeiation is difficult because the cortical bone 
splinters into the fracture, it is a more formidable operation than the medial 
nailing requiring a moie extensive exposure, and the fracture generally unites 
in any event His operative technic and after-treatment are described He states 
that splintering can be controlled by making a fuirow with a gage extending 
iy 2 inches (3 8 cm ) downwaid from the trochanteric edge and just wide enough 
to admit the phalanges of the nail and not the head Fiactures of the shaft below 
the site of insertion of the nail occurred in 2 patients as a result of a fall but 
subsequently united uneventfully He states that rotation deformity cannot occur 

562 Fitzgerald, F P , and Clark, K C Radiography of Femoral Neck, Lancet 2 183-184 
(Aug 15) 1942 

563 Cleveland, M A Critical Survey of Ten Years’ Experience with Fractures of the 
Neck of the Femur, Surg, Gynec & Obst 74 529-540 (Feb, no 2A) 1942 

564 Brittain, H A Low Nail, Brit MJ 1 463-464 (April 11) 1942 
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because of the position of the nail but that adduction deformity occurred in 3 
patients, explained on the basis that the nail was not long enough He states that 
a hold of 2 inches (5 cm ) in the upper fragment and 2 inches in the lower should 
be enough to hold the fragments During the two years prior to July 1941, 
between 40 and 50 patients had trochanteric fractures nailed, with good results 
in over 75 per cent of the cases 

Plummei and Potts 00!! discuss end result of the treatment of approximately 
125 fractured hips by means of internal fixation Kirschner wires were first used 
but were found to be unsatisfactory Moore pms were used with satisfaction, but 
m the last few years three phalange nails were used All fractures of the femoral 
neck were treated by manipulation and internal fixation irrespective of the 
patient’s age or the presence of a complicating lesion The authors state that the 
more simple, impacted transcervical fractuie is just as much entitled to this form 
of treatment as the fractured neck with marked separation of the fragments Diffi- 
culty of reduction, inability to maintain the reduction and failure of the nail to 
get a firm grip in the proximal portion of the neck and head were thought to be 
due to obliquity of the line of fracture The authors felt that this constituted one 
cause of failure If a valgus position was obtained, slight unreduced rotation 
was not changed, and it was not believed to be a factor m the unfavorable results 
The authors felt that a 75 per cent approximation of the neck to the head would 
allow for adequate placing of the nail and would give a satisfactory result They 
also felt that impaction was not logical or practical and that internal rotation 
produced sufficient impaction without further damage to the blood supply One 
difficulty encountered was protrusion of the nail through the upper part of the 
head, which occurred when the position of the nail in the head was high The) 
felt that the best position for the nail was m the center of the head or slightlv 
below, with the arm of the Y toward the upper portion of the head Some patients 
experienced pain at the end of ten days In their cases roentgen examination 
showed the nail backed out or the head disengaged from the nail It was felt that 
this occurred when the fracture line was oblique or the fracture was comminuted 
Aseptic necrosis of the femoral head occurred in a case in which the fracture 
was easily reduced and the reduction was maintained Two patients had nonunion 
without aseptic necrosis, and after open reduction with the removal of scar tissue 
at the fracture line satisfactory results were obtained Two failures were reported 
with this same procedure where the heads were neciotic The authors have also 
noted that after satisfactory reduction and nailing protrusion of the nail and 
definite changes in the relations of the head and neck were present a vear later 
Here, they point out, the interpretation of satisfactory union made roentgeno- 
graphically was incorrect They allowed the patients to bear weight only after 
trabeculations could be seen across the fracture line The authors feel that failures 
are due in part to the operators and in part to cu dilatory changes occurring at 
the time of fracture 

West 068 discusses the treatment of slipped upper femoral epiphyses and divides 
the patients treated into five general groups The patients in whom the deformity 
is so slight that reduction is not necessary weie treated by simple fixation and 
protection, either by plaster or by the Thomas calipei walking splint The patients 
in whom the injury was of recent origin and the deformity mild were treated by 
manipulation under anesthesia It was felt that this could be carried out without 
damage to the femoral head The patients in whom the deformity was further 
advanced and union was more definite were treated by simple osteotomy with a 
large wood carver’s chisel through the epiphysial line, followed by proper pro- 
tection The author states that for the patients m whom the union was solid 
and the neck showed a typical torsion as the result of malumon the best treatment 
was by osteotomy and proper maintenance of position Some of these patients 

565 Plummer, W W , and Potts, F N Some End Results of Internal Fixation of Hip, 
New York State J Med 42 997-999 (May 15) 1942 

566 West, W K The Treatment of Slipped Upper Femoral Epiphyses, South M J 
35 1082-1085 (Dec ) 1942 
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•\\eie treated by manipulative reduction and the insertion of a three phalange nail 
The author points out the difficulty of proper placement of the nail m a child 
and the danger of the nail’s penetrating the hip joint proper For the fifth group 
of patients, m whom the deformity was severe, union solid, the head widened 
and the neck thickened, subtiochantenc osteotomy was earned out for correction 
of the rotation and improvement of the coxa vara, which lesulted m an increased 
lange of abduction There were 42 cases in the author’s series, who were treated 
over a period of eleven years He points out that skeletal traction prior to open 
i eduction may prove beneficial He states that when even expert orthopedic 
surgeons use the Smith-Petei sen nail theie is danger of damage to the necrotic 
head He believes that an arthroplastic procedure should be done rarely, because 
ot shortening the leg, instability and the possibility of a permanently painful hip 
Ten case repoits are given in detail 

If the Smith-Petersen nail and similai devices are to be placed on a surer basis, 
Bankait 807 indicates some points which seem to call for further consideration 
He discusses the selection of cases and points out several feasible contraindications 
for nailing He feels that in some instances it is better to do a transtrochanteric 
osteotomy at once rather than to wait for failure of a nailing operation He 
recalls that the impacted subcapital abduction fracture always heals with bony 
union if it is treated in a short plaster spica that permits the patient to walk, 
he suggests that weight bearing on an impacted fracture is not in itself harmful 
so long as the joint is not moved, and he considers whethei this has any bearing 
on the treatment of adduction fractures after internal fixation and questions whether 
in fact the nailed adduction fracture should not be treated m the same way as the 
impacted abduction fracture, m a short, ambulatoiy plaster spica When fractures 
unsuitable for nailing have been eliminated, the principal causes of failure are 
imperfect reduction of the fiacture, fault) application of the nail and inappropriate 
after-care For reducing the fracture he feels that well leg traction is the best 
method, as the device can be adjusted at leisure and when the reduction is perfect 
the patient can be lifted safely onto the operating table with the traction apparatus 
still on the limb In inserting the nail, he points out that the more vertically the 
nail is placed the less will be the breaking strain across it and the more will the 
proximal fragment be guided toward and pressed against the distal fragment by 
pressure from above He states that the best angle for the nailing is one of 140 
degrees with the long axis of the shaft of the femur He points out that it must 
be remembered that a nail can hold fragments apart as well as hold them together 
He feels that the common practice of forbidding weight bearing for some months 
after the operation while encouraging active movement of the hip should be 
reconsidered, and he gives reasons for believing that early weight bearing should 
be encouraged while movement of the hip should be prevented until bony union 
has taken place He outlines his technic for the nailing operation and points out 
the importance of anchoring the proximal fragment to the pelvis while the nail 
is being driven in, in order to avoid displacement of the head by the oncoming nail 
[Ed Note — The article is timely and contains many excellent suggestions ] 

Cochrane 608 refers to the recent developments m the treatment of fractures 
of the femoral neck and to the fundamentals of their management He reviews 
statistics on results of the treatment of such fractures by external fixation through 
the medium of the plaster hip spica and by internal fixation with the Smith- 
Petersen nail, finding the incidence of nonunion, 12 per cent to 15 per cent, to be 
approximately the same by both methods in the series cited He does not advocate 
the use of the plaster fixation method routinely He notes the points to be con- 
sidered in selecting cases for its employment, such as the exact site of the fracture 
in the neck, the mechanism of its production, the resultant “fracture-shaft angle,” 

567 Bankart, A S B Treatment of Intracapsular Fractures of Femoral Neck, Lancet 
1 249-252 (Feb 28) 1942 

568 Cochrane, W A Flexed Plaster Spica for Fractured Femoral Neck, Lancet 2 726-72 S 
(Dec 13) 1941 
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the time interval since injury and the facilities available for internal fixation The 
mam differences between the author’s method and that of Whitman, advocated forty 
years ago, are (1) roentgenograms taken m two planes, to piove reduction, the 
great importance of which he emphasizes, (2) immobilization of the hip in flexion 
of from SO to 60 degrees, rather than in extension, and in relatively less abduction, 
about 20 degrees from the midline, (3) caieful application of the spica, to attain 
lightness and close fit 

Dudgeon 500 repoits a tieatment of fracture-dislocations about the pelvis that 
consists in (1) application of full length leg plasters, (2) incorporation of turn- 
buckles into the medial aspects of the leg plasters at the proximal level and the 
ankle level and (3) coriection of pelvic displacements by manipulation of turn- 
buckles 

The results of treatment of 2 patients are reported One, with compression 
of the pelvis and protrusion of the femoral head through the acetabulum, obtained 
excellent reposition, while the other, with vide separation of the symphysis and 
dislocation of the sacro-ihac joint, obtained a reduction of the symphysis but no 
improvement of the sacroiliac dislocation 

Funsten, Frankel and Harris 5-0 report 2 cases of unusual traumatic disloca- 
tion of the hip The first is the case of a 49 year old man with upwai d displacement 
of a fragment from the superior rim of the acetabulum and the femoral head, 
in whom the fragment eventually formed a solid shelf which allowed full weight 
beaung eleven weeks after injury The hip was stable and painless and exhibited 
an excellent range of motion The second case is that of a 24 year old Negro in 
whom an axe wound of the lnp, incurred twenty hours before his admission to 
the hospital, resulted in a fracture of the greater trochanter with displacement, 
laceration into the femoral head and lateral anterior and superior dislocation 
Immediate debridement, reduction, fixation of the trochanter with wire, closure 
with drams and local implantation of a sulfonamide compound were done Healing 
was by first intention , motion was started nine weeks later, and full weight bearing 
was permitted eighteen weeks aftei the reduction Examination twenty-five weeks 
after the patient’s injury showed no limp and a painless lnp with good motion 
except in flexion, which was limited to 50 degrees The danger of closing this 
wound twenty hours old was weighed against the adverse effect of leaving the 
joint open The authors plan to wait for longer follow-ups before evaluating 
end lesults 

Hart 671 reports a case of severe fracture-dislocation of the hip in a 46 yeai 
old man, associated with a compound fracture of the patella in the same extremity 
The latter condition was treated immediately by the usual methods, with excision 
of the entire fragmented patella Primary closure was done and healing was 
obtained without infection One month later the lnp was treated by the method 
advocated by Watson-Jones, excision of the loose and displaced femoral head, 
followed by a Whitman reconstruction, the neck of the femur being placed in the 
joint Plaster immobilization was employed, with the extremity maintained in 
the position of election The convalescence was uneventful Ankylosis of the hip 
in good functional position resulted 

Romney, 672 after a cutical survey of the various operations devised foi fracture 
of the neck of the femur, enumerates the advantages of the Godoy Morena 
method (1) The screw has a helicoid thread resembling the Danis screw but 
is deeper and sharper, so that an excellent hold on the femoral head is afforded, 
(2) tests showed that this nail requited 251 Kg to bend it and 317 Kg to rupture 
it, pressures two or three times those tolerated by nails and pins of other types, 

569 Dudgeon, H , Jr Pelvic Fractures and Dislocations Reduced by Turnbuckles, J Bone 
& Joint Surg 24 354-358 (April) 1942 

570 Funsten, R V , Frankel, C J , and Harris, L Two Unusual Traumatic Dislocations 
of Hip, J Bone & Joint Surg 24 443-446 (April) 1942 

571 Hart, V L Fracture-Dislocation of Hip, J Bone & Joint Surg 24 458-460 (April) 
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572 Romney, H Treatment of Fractures of Neck of Femur Using the Technique of 
Godoy-Moreira, Rev de med y cir , Habana 46 547-571 (Dec 31) 1941 
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(3) it is not necessary to use a hammei to insert the screw, (4) the screw will 
not slip inward oi outwaid, (5) the firm hold prevents trophic disturbances due 
to nialnutution, (6) the solidity obtained is superior to that of the noimal femoral 
neck and peimits early ambulation without crutches or othei support (walking 
was possible between the seventh and the twelfth day in the author’s cases) [Ed 
Note — The Godoy Moiena technic is described by Godoy Moreira himself in 
an aiticle in the Journal of Bone and Joint Swgety ] 673 

Sosa 674 presents a new type of graft-bearing nail for use m the treatment of 
tiansceivical and subcapital fiactuies of the neck of the femui This graft, in his 
opinion, solves the biologic pioblems of repaii of fiactuies The nail has four 
phalanges for the cephalic fiagment, a middle portion, also with foui phalanges, 
which is nari ower, foi mci ustation with the graft, and an outei portion, a threaded 
pin to receive the head to be screwed thereon, to fasten in the coitex of the 
trochantei The bone graft is cut the same length as the middle portion of the nail 
and drilled The nail is introduced into it and the head screwed on and fixed 
with a wedge, w r hen everything is leady for nailing [Ed Note — One editor 
(L D B ) does not consider this the final achievement and believes that better 
means ot fixation will be developed for fractures of the femoral neck ] 

Hoffhemz 570 reports a series of 161 cases of nailed fractures of the femoral 
neck He discusses indications, preoperative treatment and opeiative technic 
In this sei les the mortality rate was 9 9 pei cent, as compared with 14 6 per cent 
in the author’s earlier series He does not believe that nailing is indicated for 
> oung subjects, in whom healing usually takes place Hcwvever, if conservative 
measures fail, nailing may be tried The average age of the patients whose fractures 
were nailed was 68 years, and the oldest patient was 92 

In fractures of the trochanter, the tiochanter is so involved that there is not 
sufficient solid bone to hold the nail As a rule the author waits for eleven days 
after the accident before operating The use of two roentgen apparatus is pref- 
erable, facilitates operation, increases asepsis and also precludes confusion from 
incorrect projection of the bundle of rays The guide wire must be strong enough 
not to bend and should almost fill the nail canal The failure to accomplish exact 
reduction does not necessarily mean an unsuccessful operation.. The author dis- 
approves of guiding instruments The nail must be driven m until the head lies 
well within the cortical layer The length of the nail is chosen so that the tip of 
the nail lies 1 cm fiom the cartilage covering of the head Since the author has 
closed the nail canal surrounding the u'ound in the bone with wax, the number 
of postoperative hematomas has diminished considerably 

After nailing necrosis usually does not develop until after a period of years 
of respite, whereas after conservative treatment if necrosis does develop it usually 
occurs much earlier and the patient never walks again The few years of respite 
are valued by these old people 

XX FRACTURE DEFORMITIES 
PREPARED BY J SPENCER SPEED, M D , MEMPHIS, TENN 

Hermann, Remeke and Caldwell B7G supplement previous reports by Hermann 
and Caldwell m an article in which they reaffirm and elaborate on their previously 
expressed ideas regarding the causation, roentgenologic characteristics and treat- 
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ment of post-traumatic painful osteoporosis The authois prefer this term rather 
than acute osseous atrophy, as they feel that it more nearly portrays the clinical 
and pathologic character of this disease entity, which is manifest as a patchy 
demineralization of bone associated with coexisting signs of vasomotor instability 
trophic changes in the soft tissues and pam Disturbance m function is always 
greater than is to be expected from the trauma alone 

Three types are differentiated (1) osteoporosis following minor trauma 
about one of the polyarticular regions, such as the wrist or the foot, (2) osteo- 
porosis following trauma sufficient to produce fracture, usually about a joint, and 
(3) osteoporosis associated with minor tiaumatic disturbances in which tendons 
oi periarticular structures appeal to be first invoked, with the typical changes 
m the bone 

Early adequate tieatment is insisted on by the authors if severe and prolonged 
disability is to be avoided They do not feel that any of the conservative methods 
of treatment commonly used, such as immobilization, various forms of physical 
therapy or active use, materially affects the course of the disease Roentgen 
theiapy, as recommended by Mumford, reduces the pain, but m 18 patients on 
whom the authors tried it they found that the destruction of bone continued and 
the disturbance in function was unaltered Removal of or making injections into 
the sympathetic ganglions is not successful, because the disease is produced by 
disturbed function in the neurotrophic fibers lying in the adventitia of the majoi 
artery supplying the pait, and these fibers do not pass through the sympathetic 
ganglions Periartenal sympathectomy, suggested by Heyman, has given the 
only leliable results in the authors’ opinion They report 34 cases of periarterial 
sympathectomy with excellent results and recommend this as the treatment of 
choice 

Miller and de Takats, 677 after an exhaustive review of the various anatomic 
and physiologic factors i elating to post-traumatic dystrophy (painful osteoporosis) 
offer certain explanations regarding the causation and suggestions as to the treat- 
ment which are at considerable variance with those expressed in the preceding 
article 

They conclude that caieful examination in the early stages of post-traumatic 
dystrophy will reveal a source of continuous nerve stimuli which are responsible 
for the sensory and vasomotor phenomena The evidence regarding the origin 
of these painful stimuli is at present controversial and somewhat contradictor! 
The vasomotor dilatation with increased blood flow through the extremity is a 
well recognized phenomenon in the early stages of traumatic osteopoiosis Sympa- 
thetic block, which also produces vasodilatation, definitely relieves the pain and 
produces clinical improvement This apparent contradiction may be explained 
by an incomplete understanding of the transmission of pain impulses through the 
sympathetic nervous system 

Whatever the explanation, prevention of pain by complete fixation of injuries 
with repeated sympathetic block m the earlier stages and sympathectomy in the 
more intractable cases has been of decided benefit 

[Ed Note — While there can be no argument that post-traumatic painful 
osteoporosis always produces severe and prolonged disability and sometimes pei- 
manent deformities and loss of function, it is equally tiue that most of the patients 
recover with, or in spite of, some form of conservative treatment It is not always 
possible in the early stages of the disease to determine whether or not it is going 
to be of the intractable type Neither periarterial sympathectomy nor sympathetic 
ganglionectomy is a minor surgical procedure, and the ultimate effects of these 
operations are not thoroughly understood Since authors who have admittedl) 
given this subject as intensive study as any authority differ so widely in their 
published opinions regarding the results of treatment, it does not appear that such 
radical measures are yet justified by the evidence presented ] 

5 7 ? Miller, D S , and de Takats, G Post-Traumatic Dystrophy of Extremities Sudeck’s 
Atrophy, Surg, Gynec & Obst 75 558-582 (Nov) 1942 
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Clinical obsei vation has added little in lecent years to the knowledge of forma- 
tion of callus and healing of fractures One expectantly looks to the field of 
biochemistiy for futuie help in explaining this commonplace yet still obscuie 
phjsiologic process The appaient paucity of practical results gained from this 
field of experimental medicine has not discouiaged those interested in the subject, 
and each yeai the results of new woik published add positive or negative facts 
to the gradually accumulating data 

Armstrong, Sperling and Litow BTS report the i esults of the use of sodium 
betaglycerophosphate in connection with the healing of experimental fracture in 
rabbits Although the phosphatase activity of a fracture callus increases rapidly 
during the first few days after the injury, theie is no evidence that defective 
calcification or delay in healing of a fractuie is primarily a result of a quantitative 
deficiency of this enzyme 

While the erythrocytes are high in phosphoric esteis hydrolyzable by phos- 
phatase, the blood plasma is relatively low The authors felt that one of the 
factors limiting the speed of the calcification process might be the low content of 
plasma with respect to the substrate of bone phosphatase, and this consideration 
suggested that some instances of delayed union or nonunion of fractures might 
be so explained 

Twenty-seven rabbits with experimental fractures received six to fourteen 
daily intravenous injections of 0 1 Gm of sodium betaglycerophosphate All the 
animals were killed the day after the last injection Examination of the sites of 
fracture grossly and by roentgenograms revealed a larger amount of callus in the 
animals that had received injections than in the control group The observations 
indicated that in the majority of cases the drug exerted a positive effect in increas- 
ing the rapidity and amount of callus formation Four determinations of inorganic 
phosphate and calcium in the serum made at regular intervals during the course 
of twelve daily injections showed no consistent diffeiences from values in the 
untreated animals 

Since sodium betaglycerophosphate is harmless in a wide range of dosage, it 
should be safe to administer it to human beings m order to deteimme its effect 
on those fractures which heal at a rate slower than usual 

Rhoads and ICasinkas B7 ° investigated the effect of hypoproteinemia on the 
formation of callus in experimental fractures Hypoproteinemia has been shown 
to retard the healing of wounds of soft tissues in experimental animals The 
authors’ study was made to determine if it might also exert an adverse influence on 
the healing of fractures 

In a small series of dogs hypoproteinemia was produced by a low protein diet 
and by repeated plasmaphoresis Experimental fractures in this group of dogs 
showed a consistent delay in healing as compared with the control series 

The rationale back of their experiment was based on the accepted fact that 
a large portion of the serum calcium is bound to the serum protein, so that when 
serum protein is low serum calcium is also reduced Sufficient clinical data are 
not available to warrant the assumption that hypoproteinemia is a factor in delayed 
union or nonunion of fractures in human beings 

In spite of the extensive clinical experience indicative that sulfonamide com- 
pounds do not interfere with the healing of wounds in soft tissues or exert any 
inhibiting action on callus formation, there is still considerable opposition by many 
surgeons to the local implantation of those drugs m wounds Some of this opposi- 
tion is probably based on such experimental work as that of Veal and Klepser, 680 

578 Armstrong, W D , Sperling, L , and Litow, S Effect of Phosphoric Acid Esters on 
P racture Healing, Proc Soc Exper Biol & Med 49 169-171 (Feb ) 1942 

579 Rhoads, J E, and Kasinkas, W Influence of Hypoproteinemia on Formation of 
Callus in Experimental Fracture, Surgery 11 38-44 (Jan ) 1942 

580 Klepser, R G Problems in the Local Use of Sulfonamides, M Ann District of 
Columbia 11 211-213 (June) 1942 
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who noted a deleterious effect of powdered sulfonamide compounds on normal 
cellulai activity, and on pathologic studies on rats by Davis, Harris and Schmeis- 
ser.ssi w h 0 observed a nonspecific foreign body reaction to crystalline sulfonamide 
compounds 

Horwitz c82 reviews the literature pertaining to the controversy and adds both 
experimental and clinical data to piove that sulfonamide compounds m powder 
form have no adverse effect on healing of bone or on the fate of transplanted 
bone In experiments with adult rabbits bone grafts were transplanted from the 
iliac crests to the tibia and from one tibia to the other Sulfanilamide or sulfa- 
tluazole crystals were implanted in the wounds of one group, and for a similar 
control group no drug was used The bones operated on were removed at intervals 
of one to eight weeks for i oentgcnologic and microscopic study Grossly and 
roentgenologically the transplanted grafts were solidly united to the host bone 
in foui weeks, there being no demonstrable difference between the treated and 
the conti ol group Microscopically the grafts m both groups passed through the 
usual stages of necrosis and vascular resorptive substitution with fibrous tissue 
in which new bone was formed The only difference noted in. the two groups 
was that m the wounds m which the sulfonamide drugs were implanted the fibro- 
blastic reaction of the paraosseous tissues appeared excessive In 5 clinical cases 
m which grafts were transplanted into infected or potentially infected areas in 
conjunction with local implantation of a sulfonamide compound the wounds healed 
by first intention and progress of the graft in the various procedures of union 
appeared normal 

[Ed Note — Clinical experience of one editor (J S S ) and of hosts of othei 
surgeons in many hundreds of cases amply substantiates the conclusions just 
cited Local implantation of sulfonamide compounds in operative wounds does 
not pioduce any undesirable reaction, and its bacteriostatic action permits a much 
bolder and earlier surgical solution of many infected or potentially infected non- 
unions Flare-ups of low grade infections still occur after such operations, but 
it is extremely rare to see the severe fulminating recurrences of infection with 
sloughing of the soft tissues and sequestration and loss of the graft which used to 
be seen Sterilization of the drug is apparently unnecessary ] 

Some interesting ideas regarding the behavior and fate of transplanted cartilage 
and bone are given by Mowlem 563 in reviewing a series of such grafts utilized 
chiefly in repairing defects of the ear and nose Transplanted costal cartilage, 
which is a relatively avascular structure, does not undergo absorption even after 
a period of years Grossly the graft changes little m size or shape, there being 
only slight evidence of cellular growth, although microscopically the cellular 
structure of the transplant appears relatively normal Mowlem states that there 
is a wealth of literature on the subject of survival of bone, and a corresponding 
great diversity of opinion After reviewing the vanous theories, the author con- 
cludes that with the exception of that of Leriche and Policard, the conflicting 
ideas may not be wholly irreconcilable It seems probable that the bone cells in a 
transplant have the power of survival but that this is dependent on the rapidity 
with which they can acquire nutriment in their new position The nutriment will, 
as in the case of other grafted tissue, first be derived from blood serum and tissue 
fluid and only later be supplied by the ingrowth of any real vascular supply The 
structure of the bone determines to a great extent the accessibility of the enclosed 
cellular element to this nourishment This will vary considerably between dense 
cortical tibial grafts and a piece of cancellous ilium 

Mowlem stresses two other points which appear to bear out the suggestion 
that an early and adequate nutritional supply is essential to the actual survival 


581 Davis, H A , Harris, L C , and Schmeisser, H C The Toxic Effect of Sulfanilamide 
Upon Tissues of Rats, J Lab & Clin Med 25 1263-1275 (Sept) 1940 

582 Horwitz, T Effect of Sulfanilamide Crystals, Used Topically on Fate of Trans- 
planted Bone Some Experimental and Clinical Observations, Surgery 11 690-697 (May) 1942 

583 Mowlem, R Bone and Cartilage Transplants Their Use and Behavior, Brit J 
Surg 29 182-193 (Oct) 1941 
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of the giaft If cancellous iliac bone is placed in the fatty tissues of the abdominal 
wall it will rapidly atrophy, but if placed in the vascular tissues of the face it may 
hypei trophy and foim a new cortical covering of normal cortical architecture 
The second point is that epiphysial bone and epiphysial cartilage show consideiably 
more tendency to be absoibed than more mature structures One assumes that 
this is due to the fact that the bone cells, being younger and more active, have a 
higher metabolic rate and therefore do not survive even the short transitional 
period during which then nutrition is absent 

Further data in leference to regeneration of bone and the viability and regen- 
eration of paitial or complete joint transplants aie contained in an article by 
May 584 He summarizes his own expenmental and clinical conclusions and the 
experience of others as follows Transplantation of whole joints with their capsules, 
eithei homogenous or autogenous, has been discouraged, particularly in weight- 
bearing joints, because of degeneiation or ankylosis due to incomplete revasculariza- 
tion and resultant necrosis Homogenous hemitransplants have proved unsatis- 
factory foi the same leasons Autogenous hemitransplants have pioved to be 
relatively good, particularly smallei bones, such as the fibula for replacing the 
uppei end of the humerus or the lower end of the radius In these the bone under- 
goes a primary necrosis, just as occurs in bone giafts with latei regenei ation, by 
a process of substitution and new bone foimation The outer layers of the articular 
cartilage remain viable, and the deeper layers undergo partial necrosis, but all 
these cartilage cells later become completely viable if the bone is revascularized 
within a year’s time The author reviews the piesent data regarding the revascu- 
larization and regenei ation of the articulai fiagment in such fractures as mtra- 
capsular fractures of the femoial neck and carpal scaphoid and points out the 
biologic similarity of the healing of such fiactures to that following hemitrans- 
plantation of joints 

Transplantation of portions of a bone containing an active epiphysis univei sally 
results in cessation of epiphysial growth [Ed Note — Transplantation of the 
fibula, including its upper articulation, has been employed successfully for many 
years in non-weight bearing joints It has not been satisfactory m replacing the 
external malleolus in congenital absence of the lower end of the fibula, probably 
because the operation is necessarily done at an age when the epiphysis is still 
active and because it forms part of a weight-bearing joint This same principle 
accounts for the unsatisfactory results in the correction of malunions in which it is 
necessary to mobilize completely joint fragments containing actively growing 
epiphyses, such as malumted fractures of the humeral condyles m children Mow- 
lem’s observation, previously cited, that neither young epiphysial bone nor actively 
growing cells at the epiphysial plate could withstand even temporary loss of 
nutriment through interruption of their blood supply is fully corroborated by clinical 
experience ] 

Milch 585 reports the use of a fibular gi aft 1 eplacing the lower end of the radius 
after resection for a giant cell tumoi The lower end of the fibular transplant was 
fixed to the carpal scaphoid by arthrodesis, and a cuff resection of the lower portion 
of the ulna was done to permit rotation of the forearm The functional result 
was good except for loss of motion of the wrist [Ed Note — A somewhat similar 
operation has been successfully employed by one of the editois (J S S ) in 4 
cases of giant cell tumor of the lower end of the radius, in which both motion and 
stability of the wrist joint were retained The upper articulation of the fibula 
with the tibia closely resembles m shape the lower articulation of the radius It 
is also covered with hyaline cartilage A sufficient length of the upper end of the 
fibula with its articulation is resected and transplanted to replace the resected 
portion of the radius, the previous tibiofibular articulation forming the new radio- 

584 May, H Regeneration of Joint Transplants and Intracapsular Fragments, Ann Surg 
116 297-310 (Aug) 1942 

585 Milch, H Forearm Reconstruction Following Partial Resection of Radius, Bull 
Hosp Joint Dis 3 100-104 (Julv) 1942 
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carpal joint Possible degeneration of the articular cartilage -with a resultant 
painful arthritis has not been reported observed by others or noted m personal 
observation in 1 case as long as four years ] 

Rothberg 588 emphasizes the impoitance of greater diagnostic care when a fresh 
fracture of the carpal scaphoid is suspected The clinical signs and symptoms 
should receive more emphasis and the roentgenographic less An initial roentgen- 
ogram with no evidence of a fracture does not necessarily rule out the possibility 
of one Several variations from the usual technic may be employed when the 
ordinary anteroposterior and lateral view's fail to reveal a fracture Views should 
be taken with the hand m ulnar deviation and with two exposures, the one with 
a tube shift a little to the right and the other to the left In some cases in w'hich 
a fracture line cannot be demonstrated at the time of the initial fracture, roent- 
genograms taken weeks later may reveal the site of fracture, brought to light by 
the process of osteoporosis 

In a second article, discussing the treatment of ununited fractures of the carpal 
scaphoid, Rothberg 087 recommends simple drilling followed by ten weeks of 
immobilization m a cast He states that this method is not applicable m all cases and 
enumerates other procedures, such as removal of all or part of the scaphoid, resection 
of the entire proximal row of carpals and fusion of the wrist, as sometimes neces- 
sary [Ed Note — The whole problem of fractures of the carpal scaphoid lacks 
much of having a satisfactory solution at the present time Early recognition of 
these fractures by familiarity with the clinical manifestations and by the use of 
special roentgenologic views will help in reducing the number of cases of nonunion 
Even with early recognition and the present methods of treatment there will still 
be too many instances of nonunion or union with aseptic necrosis, producing 
serious permanent disability It w'ould seem that the difficulties attendant on the 
treatment of the fractures closely simulate those of central fractures of the neck 
of the femur Complete immobilization of the fragments by some means of internal 
fixation at the time of the acute fracture, permitting early revascularization, may 
improve the results ] 

Under the title “Epiphyseal Pseudarthrosis,” Milch 888 describes an interesting 
condition whose recognition he feels may be of some value in explaining both the 
apparent failure of certain hip fusion operations and the mechanism of develop- 
ment of so-called coxa anteverta or the early phase of adolescent epiphysial separa- 
tion at the upper end of the femur Epiphysial pseudarthrosis has been observed 
under the following conditions (1) after operative fusion of the hip, (2) after 
inflammatory ankylosis of the hip and (3) as a sequel to adolescent epiphysiolysis 
It may occur in any hip m which the capital epiphysis becomes ankylosed before the 
epiphysial plate closes The condition manifests itself as a false joint between 
the neck and the capital femoral epiphysis The mechanical explanation for this 
m cases in which the head is fused to the acetabulum is readily understood, but 
in cases of adolescent epiphysiolysis, m which the capital epiphysis is freely movable, 
other factors must be considered The author offers an interesting hypothesis 
to explain pseudarthrosis associated with adolescent epiphysiolysis and also adoles- 
cent epiphysiolysis itself Forces which amplify external rotation of the femoral 
shaft, such as overweight, trauma and conditions which decrease the resistance of 
the cartilage plate, for instance endocrine and other metabolic disturbances, have 
been proposed as causative factors, but the author states that any valid description 
of the mechanism must include a force which would act on the head m a direction 
contrary to that made necessary by the progressive anteversion of the upper end 
of the neck The author believes that such a force is provided by the tendon of 
the iliopsoas muscle as it passes over the anterior portion of the capsule of the 

586 Rothberg, A S Fractures of the Carpal Navicular, J Bone & Joint Surg 21 1020- 
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hip joint The iliopsoas tendon does not he over the head and neck of the femur 
but extends only over the descending arm of the Y ligament of Bigelow In 
external rotation, in which the anterior portion of the femoial head is directed 
tonvard, it is seen that the iliopsoas tendon is opposed against only the epiphysial 
portion of the head The limit of external rotation appears to be limited not by 
the capsule per se but by the resistance or torsion of the iliopsoas tendon This 
disposition of the psoas tendon offers a lational anatomic explanation for the 
development of the counterforce necessary for the production of epiphysiolysis 

Ghormley, 889 in a careful analysis of the types and uses of bone grafts, gives 
some instructive data on his experience with homogenous grafts In certain 
instances in which a satisfactory graft cannot be obtained from the patient the use 
of a graft from another person is a sound surgical procedure While theoretically 
it is advantageous to obtain the graft from a close relative, or at least from a donor 
of the same blood group, practically it appears to make little difference Ghormley 
reports 10 successes m 18 operations with homogenous grafts, 3 of the failures 
being in congenital pseudarthrosis [Ed Note — Since the introduction of the 
dual type of homogenous graft Boyd, Henderson and others have reported unions 
in congenital pseudarthrosis in the same percentage as other types of nonunion 
In 1 of Boyd’s successful cases the graft was taken fiom a father by adoption, 
and there was no blood relationship ] 

Abbott and Gill 600 review the use of iliac grafts for shelves and fusions of the 
hip and emphasize the advantages of such cancellous grafts to promote union in 
other locations Grafts from the ilium are easily accessible, are rapidly revascu- 
larized, contain an abundance of osteogenic material and possess sufficient stability 
to be used in many locations The grafts may be removed from different locations 
on the ilium, depending on the size and shape of the graft desired They are 
especially useful in filling angular defects following osteotomies and m maintaining 
the corrected elevation in depressed fractures of the tibial condyles The authors 
believe that because of their cancellous nature iliac grafts are moie rapidly 
revascularized and revitalized than tibial giafts While they do not possess the 
stability of tibial grafts, grafts from the crest of the ilium are sufficiently strong 
to be used in many locations where it is not customary to use tibial giafts The 
authors’ experience with grafts of this type over a period of twenty years justifies 
their advocating its more general use 

Leavitt 591 reports the unusual occurrence of three ununited fractures of the 
ribs in a patient with an adherent diaphiagm The author suggests that it would 
require some such unusual fixation of part of the wall of the chest to permit 
sufficient separation of the fragments to pioduce nonunion The sites of nonunion 
were painful Union was induced by bone grafts [Ed Note — Disability might 
have been removed by resection ] 

McMurray, 892 in discussing the apparent increase in the number of delayed 
unions in military surgery, suggests the use of the nonpadded plaster cast as one 
of the causes He states that when a tight-fitting nonpadded cast is applied 
immediately after the fracture of such a bone as the tibia, the soft tissues are com- 
pressed against the bone, not permitting sufficient space for the formation of the 
physiologic blood clot which aids in the production of a normal amount of callus 
He suggests postponing the application of the cast for several days to allow the 
formation and beginning organization of the blood clot 

589 Ghormley, R K Choice of Bone Graft Methods m Bone and Joint Surgery, Ann 
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In the prepaiation of this review of orthopedic suigery for 1942 the titles of 1,075 
ai tides of orthopedic interest were selected from the Quarterly Cumulative Index 
Medtcits for 1942 The number of articles reviewed and presented in this } ear’s 
“Progress” is 627, or 59 per cent of the total This is a higher percentage than in 
1940 and 1941 (38 per cent and 34 per cent respectnely), but the total number of 
articles selected this year for review is less than 1940 and 1941 (1,794 and 2,397 
respectively) The smaller number of articles is due to the decrease m the volume 
of medical literature since the war commenced As in the past two years, each 
editor has selected the articles for his section which he thinks represent the most 
progress and have the greatest scientific interest The chairman or vice chairman 
of the editorial board has renewed the material prepared for each section and 
has made certain additions and changes which seemed indicated to improve the 
publication as a whole 

On account of the w ai and the difficulties under which many of the editors have 
been working, the reviews of some of the sections have been slower in being 
returned to the chairman of the editorial board, and it w r as found impossible to send 
the whole “Progress” to the Archives or Surgery at one time This has necessi- 
tated a change in the order of the sections The preface could not be written until 
all sections had been submitted It is believed, however, that m spite of the delaj 
the quality of the reviews is up to standard and the publication will prove as 
valuable to its readers as the “Progress” of 1940 or of 1941 

Some of the editors last year w r ere of the opinion that each section should ha\ e 
the name ot names of those prepaung it appearing with the section This has been 
done m most instances The members of the editorial board wish to thank again 
those physicians not membeis of the American Academy of Orthopedic Surgeons 
who have rendered such valuable assistance in the preparation of the material for 
the various sections Special thanks are rendered to Colonel Jesse I Sloat and 
his orthopedic staff at the Lawson General Hospital in Atlanta, Ga , to Major 
Edward C Holscher, Major Dudley W Smith, Captain William P Warner Jr 
and Captain Lee Schlesmger for their pai t m the publication , to Captam Charles H 
Wilson, of Oilando, Fla , and to all the others who have helped but whose names 
are not mentioned 

Both style and editonal comments have again been left to the discretion of 
the editors, except for a few changes made by the chairman of the editorial board 
It should be stated again, however, as m the preface of the “Progress” of 1940 
and of 1941 “If the reader or author of any article does not agree with the 
editorial comment, the editorial board hopes that he will think of the remark as 
only one man’s impression and as m no way representing the opinion of the entire 
editorial board ” 

Owing to the fact that the chairman of the editorial board is m the armed foices, 
it was found necessary during the year to appoint a vice chairman, who has rendeied 
most able assistance to the chairman and made it possible for the publication to 
appear on time The Emtorial Board of the 
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LOBECTOMY OF THE LIVER 

REPORT OF THREE CASES 


KENNETH L PICKRELL, MD, 

DURHAM, N C 

Resection of large lesions of the liver is a 
relative!) rare surgical proceduie, and many 
surgeons are never called on to perform it 
Though by far the commonest laige resectable 
hepatic lesion is hemangioma, Shumackei, 1 in 
reviewing all the cases from the world’s litera- 
ture to 1942, found only 56 cases in which 
operation was performed and noted that no 
author had reported more than a single case 
Nevertheless, any surgeon may unexpectedly be 
confronted \\ ith such a lesion, for the correct 
diagnosis was made preoperatively only twice 
among the 56 cases reported by Shumackei 
Resection of the liver has been performed for 
such diverse conditions 2 as angioma, echino- 
coccus cyst, gumma, tuberculoma, trauma, caici- 
noma, sarcoma, adenoma and hamartoma The 
surgeon’s stock of procedures should, therefore, 
include methods for excising large segments of 
the liver It is for this reason that the present 
3 cases, which demonstrate a technic for rela- 
tively bloodless resection of the entire left lobe 
of the liver, are reported 
The two original cardinal objections to resec- 
tion of large segments of the liver were the se\ ere 
hemorrhage entailed by transection of this vas- 
cular, friable tissue which retains sutures so 
poorly, and the fear that the function of the liver 
subsequently would be impaired The latter ob- 
jection was largely overcome by the studies of 
Turner 3 in 1923, when he found the function to 
be perfectly normal after removal of an adenoma 
and a large adjacent mass of hepatic tissue weigh- 
ing 2 pounds 3 ounces (992 23 Gm ) It has 
become generally accepted that the liver has such 
an enormous reserve functional capacity that huge 
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areas of it may be destrojed by disease before 
hepatic function is clinically impaired But the 
problem of hemostasis in resection of the Inei 
i emains the major one 

Turnet 3 m 1923 summarized the methods 
which had been employed to effect hemostasis 
m operations on the hvet undet the following 
heads (a) compiession of the vessels in the 
free edge of the lesser omentum, (b) manual 
pressure on the hepatic substance at the edge 
of the wound, ( c ) placing of damps acioss the 
liver, ( d ) use of an elastic tourniquet and (e) 
use of the cautery A glance at some of the le- 
ported cases in which the procedure is described 
provides examples of these means It will be 
noted that m general among the earlier cases 
the mass to be removed was extraperitonealized 
while m later reports the opeiation was usually 
entirely intraperitoneal 

In 1897 von Rosenthal 4 reported a peduncu- 
lated angioma of the left lobe of the liver treated 
by transfixing the base with knitting needles 
He brought these out on the abdominal wall, tied 
an elastic tourniquet on the hepatic side of them 
for hemostasis, cut off the tumor and extraperi- 
toneahzed the stump He finally cut off the 
extraperitonealized stump with the cautery five 
days after the intra-abdominal part of the pro- 
cedure 

Pfannenstiel 5 excised a hemangioma of the 
liver and extraperitonealized the stump by sew- 
ing Glisson’s capsule to the peritoneal wound 
Beck, 0 finding an angioma as large as a man’s 
head m the left lobe of the liver, placed lubbei 
catheters about its pedicle as tourniquets and 
brought the mass out through the wound where 
it was allowed to slough away with frequent 
debridements Israel 7 effected hemostasis m a 
case of angioma of the left lobe b) placing a 

4 Rosenthal, J Exstirpation einer Lebergeschwulst 
Deutsche med Wchnschr 23 54, 1S97 

5 Pfannenstiel, P , cited bj Langer P Frfolgreicbe 
Exstirpation ernes grossen Haemangioms der Leber 
Arch f khn Chir 64 630, 1901 

6 Beck, C Surgerj of the Lner, J AM A. 38 
1063 (April 26) 1902 

7 Israel, J Ein Fall von Exstirpation ernes Leber- 
cavernoms, Berl him Wclinsclir 48 662 1911 
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nibbei tourniquet out tluough the wound i wo 
weeks latei the tourniquet was cut and with- 
diawn safely 

The cauteiy w f as used by von Eiselsberg s m 
1893 when he cauterized and packed the cut sur- 
face remaining aftei he had removed an angioma 
of the livei Smoley 0 occluded the pedicle of an 
angioma in the left lobe with an elastic tourniquet 
ligated it with mass ligatures, cut oft the tumor 
with the cauteiy and sewed peritoneum ovei the 
stump 

W right 10 excised from the right lobe of the 
liver a deeply embedded primal) carcinoma the 
size of an orange 1 his nodule w as remo\ ed b) 
sharp dissection and shelling out w ith the finger 
Large vessels weie clamped and ligated, and the 
entne wound subsequently was packed The 
packing was removed three davs later 

Sutures and a clamp w ei e employed as a means 
of hemostasis by lurnei,* who operated on an 
adenoma of the right lobe of the In er so situ tied 
that it encroached on the bed of the gallbladder 
The gallbladder w as removed and the C) Stic duct 
drained After placing a long, curved stomach 
clamp paiallel to the proposed line of excision 
the surgeon took alongside its blades a series 
of laige, deep, interlocking sutures, using heavy 
catgut on a blunt, fully cuned needle These 
hemostatic sutures extended almost through the 
livei and were tied separately The pioposed 
segment of lner was then excised by cutting in- 
side this line of sutures, and the bleeding fiom 
large vessels controlled by ligation with purse 
string sutuies of catgut The large gaping 
wound in the liver was closed by appioximatmg 
the upper surfaces, under sui faces and edge of 
the liver respectively The sutures employed m 
accomplishing this closure were locked ovei the 
pieviously described hemostatic sutures, thus 
pi eventing then cutting out lxidd 11 removed 
an adenoma the size of a cricket ball from the 
light lobe of the liver by an almost exactly 
similar technic 

Benson and Penberthy 1= encountered a pe- 
dunculated tumor in the anterior edge of the 
right lobe of the livei, which they excised with 

8 von Eiselsberg, F Abtragung ernes Cavernoms 
der Leber, Wien Kim Wchnschr 6 1, 1893 

9 Smoley, K , cited by Pichler, K Ein Fall von 
Hemangioma Hepatis Heilung durch Exstirpation, 
Ztschr f Heilk 24 250, 1903 

10 Wright, G Primary Carcinoma of the Liver 
Excised by Operation, Proc Rov Soc Med (Surg 
Sect) 16 56, 1923 

11 Kidd, F Case of Primary Tumor of the Liver 
Removed by Operation, Proc Roy Soc Med (Surg 
Sect ) 16 61, 1923 

12 Benson, C D , and Penberthy, G C Surgical 
Excision of Primary Tumor of Liver (Hamartoma) in 
Infant Set en Months Old with Recovery, Surgery 12 
SSI, 1942 


a v-shaped wedge of liver bearing the pedicle 
I hey employed the cautery knife and placed 
omentum in the defect 

Shumacker 1 employed Kelly clamps, cautery 
and sutures in removing an angioma of the left 
lobe of the In er The clamps were placed 1 5 
cm bet ond the margin of the tumor and a small 
wedge of liter healing the tumor was quickly 
excised by sharp dissection The clamps cut 
through in the thick part of the In er, but manual 
pressure minimized hemorrhage Through and 
through silk mattress sutures were placed within 
the line of clamp, and bleeding points subse- 
quent!) seen when manual pressure was released 
w ere coagulated w ith the cautery The bare sur- 
face of the liver was drained 



Tig 1 — Topographic sketch show ing position and 
extent of the primary carcinoma of the left lobe of 
the liver and the incision used to remove the lobe 


While the various ingenious procedures de- 
scribed are useful in resecting those lesions of 
the right lobe of the livei which do not include 
the extrahepatic biliary ducts, we have found 
that total extirpation of the left lobe is more 
easily and safely accomplished than excision of 
a pait of it bearing a lesion The reasons for 
this, as will be shown, are the thinness, relative 
avasculanty and greater capacity for holding 
sutures which the insertion of the i ound ligament 
confers on the line of junction of the two lobes, 
together with the mobility of the lobe when it is 
freed from the falciform ligament An additional 
advantage in the piesence ot an angioma or 
neoplasm is the wide avoidance of the tumor, a 
point repeatedly made by those 13 who have cut 
into such a vascular tumor 

13 Horsley, J S Cavernous Angioma of the Liver, 
Interstate M J 23 347, 1916 von Eiselsberg 8 
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Total removal of the left lobe of the liver has 
jeen reported on two previous occasions Keen 14 
resected the entire left lobe as early as 1899 
The lobe was the site of a caicinoma, and was 
removed by burning through the pedicle of the 
lobe with Paquehn’s cautery This procedure 
required twenty to thirty' minutes, the large 
\essels were ligated as they were encountered 
The edges of the w’ound m the liver were then 
partly approximated w ith catgut sutures, and the 


remaining open part was packed with lodotorm 
gauze A biliary fistula persisted for over ten 
days after the removal of the packing The 
second case was that of Peck, 15 who found an 
angioma weighing almost 4 pounds (18 Kg ) 
111 die left lobe of the liver The tumor, appai - 
cntly bv its very weight, had sti etched and ex- 

1-5 Keen, W W Report of a Case of Resection of 
the Lner for the Removal of a Neoplasm with a Table 
of Sevent\-Si\ Cases of Resection of the Lner for 
Hepatic Tumors, Ann Surg 30 26 7, 1899 

13 Peck, C H Cavernous Haemangioma of Left 
Lobe of Lner, Surg, Gvnec & Obst 33 277 1921 


tended the left lobe so that it hung by a thin 
pedicle from the right lobe In this case lobec- 
tomy was carried out simply by cutting the 
coronary ligaments, thus mobilizing the left lobe 
and clamping and tying the pedicle 

Three times within the past four months and 
twuce w lthm one w eek one of us (K P ) has 
been confronted wuth thiee large lesions affect- 
ing the left lobe of the liver, for winch remoral 
of this lobe was carried out This operation 


was perfoimed foi carcinoma hemangioma and 
gumma respective!} It should not be constiued 
that we advocate excision ot gummas ol die 
lnei , but it was the opinion of the operator 
(K P ) as well as of numerous obseners that 
we were dealing with a sarcoma a tuberculoma 
or a caicinoma ot the lner An abstract ol 
each case is presented 

report or CrSES 

Cvse 1 — Pumar\ Carcinoma of Lner Treat td b\ 
Remoial of Lift Loin — \ 64 rear old white man 
C F M was admitted to the Johns Hopkins Hospital 

/ 



Fig 2— Operative technic employed to remove the left lobe of the liter 
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on Aug 6, 1943 He was a farmer who had enjojed 
good health until about four months prior to admission, 
when he began to ha\t dull, aching pain in the upper 
part of the abdomen which was associated with fulness, 
eructation and nausea One month later, he noticed a 
mass in the left upper quadrant of the abdomen, which 
had increased progressively m sire and had become 
evtremelj tender When the patient was in the prone 
position the mass presented in the left upper quadrant, 



Fig 3 — The anterior surface of the left lobe of the 
liver which was largely replaced by a large, white, 
nodular tumor which projected from the surface of the 
liver The specimen measured 14 by 10 b> 8 cm 

but w'hen he stood it shifted to the lower part of the 
abdomen He had lost about 35 pounds (16 Kg ) in 
weight 

Physical E\ animation — Examination revealed a thin, 
well preserved 64 jear old white man weighing 130 
pounds (59 Kg ) and measuring 6 feet 4 inches (193 04 
cm ) m height The abdomen was the center of sur- 
gical interest, the remainder of the examination ga\e 
essentially negative results except for evidence of loss 
of weight and peripheral arteriosclerosis In the prone 
position there was a mass beneath the left costal margin 
which measured about 4 inches (10 cm ) in diameter 
It was well outlined, slightly tender and movable 
When the patient was standing, the mass shifted to 
the lower part of the abdomen and could be moved to 
either side of the midline The liver was not enlarged 
J5ince the mass was so freely movable, no one suspected 
that it arose in the left lobe of the liver The spleen 
could not be palpated The rectum was normal 

Laboratory Data — The serologic test for syphilis 
gave a negative reaction The leukocyte count was 
6,600, the hemoglobin was 14 Gm The urine showed 
a trace of albumin Roentgenograms of the chest 
showed the heart to be normal m size, and the lungs 
were clear 4. gastrointestinal series and a barium 
enema disclosed no lesions Gastric analysis made when 
the patient was fasting revealed no free acid, but thirty 


minutes after injection of histamine there was 38 
degrees of free acid 

A preoperative diagnosis of a mesenteric cjst was 
made Although the patient was seen bv numerous 
observers, no one made a correct diagnosis 

Operation — On Aug 32, 3943, exploratorv laparot- 
om> was done with the patient under ether anesthesia, 
a left paramedian incision was made There was no 
free fluid in the peritoneal cavitj Occupvmg the 
anterior-inferior part of the left lobe of the liver there 
was a bulging, nodular, friable, carcinomatous mass 
about the size of a clinched fist, there were no other 
nodules, the right lobe was normal There were no 
peritoneal implants, and no enlarged mesenteric glands 
The gallbladder, pancreas, spleen and hidnejs were 
normal No lesions were found in the gastrointestinal 
tract (fig 1) 

A frozen section confirmed the diagnosis of carci- 
noma, and it was decided to excise the left lobe of the 
liver The falciform ligament was cut about one-half 
inch (1 cm ) from its diaphragmatic attachment 
(fig 2 A) This step allowed the left lobe of the 
liver to descend to the level of the incision With 
sutures of braided silk threaded on Bloodgood needles, 
two rows of mattress sutures were placed parallel to 
each other in the interlobar sulcus, extending from the 
inferior to the superior or diaphragmatic surface Thej 
were inserted so that thev could be tied on the inferior 
surface of the liver (fig 2 B and C) These hemos- 



Fig 4 — The posterior surface of the left lobe of 
the liver, which was largely replaced by a nodular 
tumor B> removing the left lobe, a relatively wide 
margin was obtained around the tumor A braided 
silk suture is seen in the interlobar sulcus 

tatic sutures were then tied and the ends left long, 
after which the left lobe of the liver was removed b> 
cutting through the liver substance between the parallel 
rows of sutures This maneuver was performed m a 
bloodless field, and there was no soiling with bile A 
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relatively vide maigm ol normal lner was removed 
with the tumor (fig 2 C) 

The raw surface of the lner was then covered bv 
bringing the tree flap of falciform ligament down over 
it, and suturing it in this new position by using the 
long suture ends (fig 2 C) The left free edge of the 
right lobe of the lner was then fixed by suturing the 
falciform ligament to the diaphragm (fig 2D) The 
incision was closed in la\ ers \\ ith sutures of silk Drain- 
age was not emplojed The operating time was thirty 
minutes 

Pathologic Report — The specimen measured 14 by 
10 by 8 cm and consisted of the left lobe of the liver, 
which was largeh replaced by a large, white, nodular 
tumor which projected from the lner surface (figs 3 
and 4) The remaining parts of the lner were normal 
Histologic sections showed an undifferentiated glan- 
dular type of carcinoma, presumably arising from the 
bilian ducts In some areas it was seen to entei the 
hmphatic vessels and veins (fig 5) 

Postopciative Couise — This was entirely uneventful 
The highest temperature recorded w as 100 8 T on the 


oi the abdomen It had continued to increase in size 
until his present admission to the hospital He had 
noted the presence of the mass m the upper part of 
the abdomen when lying down, but when m the erect 
position, he felt that it shifted to the lower part of 
the abdomen to either the right or the left of the mid- 
lme For se\ eral months he had been annoyed by a 
dragging feeling, which was accompanied by a sensation 
of fulness and some eructation His appetite, however, 
had been normal and he had not lost weight 
Physical Examination — The patient was a well pre- 
sen ed colored man of 62 a ears weighing 139 pounds 
(63 Kg ) and measuring 5 feet 7 inches (170 18 cm ) 
in height There was no evidence of loss of weight 
There was a well healed thyroidectomy scar The 
heart and lungs were clear The blood pressure was 
160 systolic and 90 diastolic The abdomen was slightly 
distended, soft and boggy With the patient in the 
prone position one could see a round mass the size of 
a grapefruit in the left upper quadrant (fig 7) The 
mass was firm and slightly tender and moved freely 
w ith respiration It seemed to arise from the left lobe 



Fig 5 — Low power photomicrograph showing an undifferentiated glandular type of carcinoma of the liver, 
presumably arising from the biliary ducts As indicated by the arrow, in some areas the tumor entered the 
veins and lymphatic vessels 


second postoperative day The incision healed by first 
intention, and the patient was discharged m one week 
Tests for function of the liver showed no retention 
of bromsulfalem 

Since discharge the patient has been well except 
for attacks of constipation He has gained 20 pounds 
(9 1 Kg ) and carries out the normal duties of a 
farmer (fig 6) Another series of roentgenograms ot 
the gastrointestinal tract, barium enema being given, 
and roentgenograms of the chest four months after the 
operation did not show' any other lesion Since the 
patient remains well, we have concluded that he had 
a primary carcinoma of the liver arising from the bile 
ducts 

C\se 2 — Hemangioma of Live) Tieated by Removal 
of Left Lobe — A 60 year old Negro man, A McN , 
was admitted to the Johns Hopkins Hospital on Sept 
29 1943 In 1929 a nodular goiter had been removed, 
and the patient was well until the onset of his present 
illness <\bout one year before admission the patient 
first became aware of a mass in the left upper quadrant 


of the liver, which could not be separated from it The 
right lobe of the liver could be palpated just beneath 
the costal margin The mass pulsated with the aorta, 
but the pulsations were not expansile The spleen 
could not be felt When the patient was m the erect 
position the mass shifted to the lower part of the 
abdomen and could be moved to either side of the 
midhne It was when standing that the patient com- 
plained of a dragging sensation or a feeling of mtra- 
abdommal heaviness The remainder of the examina- 
tion gave essentially negative results except for atrophy 
of the right testis 

Laboratory Findings — The serologic tests were 
strongly positive for syphilis of the blood and spinal 
fluid The hemoglobin was 12 5 Gm, the leukocyte 
count 5,000 Blood chemistry determinations were nor- 
ma! Tests of the function of the liver showed only 
slight retention of bromsulfalem A senes oi roent- 
genograms of the gastrointestinal tract showed that the 
stomach was displaced laterally and caudally bv a large 
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mass, the center of which was calcified (fig 8) There 
was no lesion within the stomach or duodenum 
Operation — Operation was performed on Oct 1, 1943 
The patient w>as anesthetized with nitrous o\ide, oxj- 
gen and ether A left subcostal incision was made, 
which w f as extended to the right side As soon as the 
peritonea! cavity was entered, one could sec a giant 
hemangioma arising from the left lobe of the liver 
The mass was about the size of a grapefruit (figs 9 
and 10) It was embedded m the left lobe of the liver 
and was surrounded by a narrow cuff or margin of 
normal-appearing liver Inasmuch as there was no stalk 
from which it arose, in order to remove it one was 
forced to excise the left lobe of the liver, and the 
procedure was as follows 



Fig 6 — The patient four months after the removal 
of the left lobe of the liver for primary carcinoma of 
the bile ducts The patient was discharged one week 
after operation He has remained in excellent health 
and has gamed more than 20 pounds 

The falciform ligament was cut about one-half inch 
from its diaphragmatic attachment (fig 2 A) This 
procedure permitted mobility of the liver, so that the 
operator could work directly m the field This expo- 
sure was further facilitated by extending the incision 
to the opposite side With braided silk threaded on 
Bloodgood needles, a row of mattress sutures was 
inserted on each of the thmned-out, relatively avascular 
lines of union of the two lobes, as outlined in figure 


2 B and C With a scalpel the left lobe of the liver 
was removed b> cutting between the two rows of 
sutures There was no bleeding from the cut liver sur- 
faces The long suture ends from the right lobe were 
then rethreaded, and the falciform ligament, which 



Fig 7 — Preoperative photographs of patient with 
hemangioma of the left lobe of the liver (case 2) 
showing the bulging mass in the left upper part of the 
abdomen The patient with the gumma (case 3) pre- 
sented an almost identical appearance 

previously had been cut about one-half inch from its 
diaphragmatic attachment, was brought down over the 
raw surface of the liver and sutured into tins new' 
position, the long ends of the ;nattress sutures being 
used (fig 2D) The right lobe of the liver was then 



Fig 8 — Roentgenogram showing lateral and caudal 
displacement of the stomach due to a large hemangioma 
of the left lobe of the liver Ciicumscribed area of 
calcification m the hemangioma is indicated by the 
arrow 
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anchored to the diaphragm bv suturing the diaphrag- 
matic attachment of the falciform ligament (which had 
previoush been cut about one-half inch from the dia- 
phragm) to its attachment m the liver There was no 
soiling with bile or blood Several grams of sulfanil- 
amide was placed in the peritoneal cavity, and the 
abdominal incision was closed in layers with sutures 
of silk 

Pathologic Report — The specimen consisted of the 
left lobe of the liver containing a large, soft hemangioma 
which measured 9 cm in diameter (fig 10) The hem- 
angioma was surrounded bv a cuft of lner measuring 
2 5 cm , w Inch appeared scarred and contained many 
large blood vessels On section it was found to be 
well encapsulated, and filled with many large blood- 
filled spaces The area of calcification which was seen 
m the roentgenogram (fig S) was located near the 
center of the hemangioma 

Histologic sections showed multiple dilated, blood- 
contaimng channels with epithelium, with very little 
stroma between the angiomatous channels The cuff 



Fig 9 — Topographic sketch to show' the position and 
extent of the hemangioma of the left lobe of the liver 
and the incision used to remove the lobe 


of liver showed many large blood vessels leading to 
the hemangioma, and many bile ducts around the edge 
of the angioma (fig 11) 

Postopeiatwe Couise — The patient’s highest tempera- 
ture recording w'as 101 F on the second postoperative 
day His convalescence was uneventful, the incision 
healed per primam (fig 12, case 2), and he w'as ready 
for discharge two weeks after the operation He 
returned to w'ork one month after discharge from the 
hospital He writes that he is receiving antisyphilitic 
therapy and is entirely well 

Cxse 3 — Gumma of Livci Simulating an Invading 
Carcinoma, Treated by Removal of Left Lobe — A 48 
'ear old Negro man, W S, was admitted to the 
Tohns Hopkins Hospital on Sept 29, 1943 because of 
abdominal pain 

'Vbout twenty-five years before admission the patient 
had a genital lesion which healed without specific 
thcrapj He had received no antisjplulitic therapy 
Three years before admission the patient had a coronar\ 
occlusion, for which he was hospitalized elsewhere He 
occasionalh complained of palpitation, dyspnea and pre- 
cordial pain, which usuallv was initiated b\ overexertion 


The present illness began about three months prior 
to admission, when he began to have dull, aching pain 
in the upper part of his abdomen, interspersed with 
periods of sharp pain He had noted progressive sore- 
ness of the abdominal wall, and about six weeks before 
admission felt a mass in the left upper quadrant of the 
abdomen Although there were some fulness and eructa- 
tion, there had been no nausea or vomiting He had 
had tarry stools for a month or six w'eeks He had 
lost about 25 pounds (113 Kg) during the present 
illness 

He also complained of a painless swelling near the 
angle of the jaw' on the right side, which appeared with 
the onset of his abdominal symptoms On one occasion 
it had drained purulent material It was his opinion 
that the mass had caused some diminution in hearing 
on the right side 

Physical Examination — Ihe patient w'as a chronically 
ill appearing-man of 48 years, weighing 128 pounds 
(58 1 Kg ) and measuring 5 feet 8 inches (172 72 cm ) 
in height There was evidence of recent considerable 
loss of weight The heart was enlarged 10 cm to the 
left of the midsternal line in the sixth interspace The 
rate was slow and regular No murmurs were heard 
The blood pressure was 120 systolic and 74 diastolic 

Of primary surgical interest w'as the abdomen, where 
there was a tremendous mass occupying most of the 
left upper quadrant (fig 7) The mass w'as attached 
to the anterior abdominal wall It w'as tender and 
indurated and moved only slightly with respiration 
The right lobe of the liver could be palpated one finger- 
breadth beneath the costal margin, and the left lobe 
w'as continuous with the abdominal mass The mass 
could not be moved, and there was no pulsation There 
w'as a soft walnut-sized mass just beneath the angle of 
the jaw on the right side, surrounding which there 
w'ere a few enlarged nodes 

Laboiatory Data — Reactions to the serologic tests of 
the blood for syphilis were positive The hemoglobin 
was 13 Gm and the leukocyte count 7,400 Roentgeno- 
grams of the gastrointestinal tract showed no intrinsic 
lesion of the stomach, duodenum or small intestine, and 
the stomach was displaced laterally and caudally 
Another series showed no lesion m the large intestine 
Intravenous pyelograms w'ere normal The stools did 
not contain blood 

A clinical diagnosis of retroperitoneal tumor with 
metastases to the cervical lymph nodes was made The 
cervical mass was excised and histologic sections dis- 
closed a tuberculous process These microscopic changes 
complicated rather than simplified the picture A diag- 
nosis of gumma was not made by any one of either the 
medical or the surgical service 

Opeiation — On Oct 5, 1943, with the patient under 
nitrous oxide, oxygen and ether anesthesia a left rectus 
incision was made directly over the mass The rectus 
muscle was invaded by the mass , therefore, we enlarged 
the incision both above and below, thereby entering the 
peritoneal cavity above and below' the mass, which was 
still attached to the rectus muscle The operative expo- 
sure w’as facilitated by excision of a large part of the 
anterior abdominal w'all to which the tumor was 
attached We could then see a tumor the size of a 
grapefruit arising in the left lobe of the liver (fig 13) 

A thorough exploration of the abdomen disclosed no 
other abnormalities The right lobe of the liver was 
slightly enlarged but it contained no nodules There 
w ere no peritoneal implants The retroperitoneal spaces 
were normal, as were the intra-abdominal organs We 
thought that we were dealing with a sarcoma, a tuber- 




274 


ARCHIVES 01 SURGERY 



Fig 10 — Photograph of hemangioma of lnci for which the left lobe of the lner was remoacd It measure- 
9 cm in diameter and was surrounded by a cuff of lner measuring 2 5 cm The hemangioma was well encap- 
sulated and contained many blood-filled spaces Hie area of calcification seen in the roentgenogram is readily 
discernible 



j-jg ii — Histologic section of hemangioma of liver showing the multiple dilated blood-containing channels 
lined with epithelium There was little stroma between the angiomatous channels 
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Fig 12 — Postoperative photographs of patients taken two weeks after removal of the left lobe of the lner 
A subcostal incision was used m case 2 (B) — hemangioma, a left rectus incision, with partial excision of the 
abdominal wall, w'as used in case 3 (A ) — gumma of liver invading the abdominal wall 



Fig 13 — Topographic sketch to show the position and extent of a gumma of the left lobe of the lner and 
the incision used to remove the lobe 
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culonn 01 i prnmrv carcinonn \ frozen histologic 
section showed onlj avascular necrotic tissue Excision 
of the left lobe of the liver was decided on No one sus- 
pected that the tumor was a gumma 

Operative Technic The falciform ligament was cut 
about one-half inch from its diaphragm itic attachment 
(fig 2 A) With braided silk threaded on Bloodgood 
needles, two rows of mattress sutures were placed m 
the interlobar sulcus of the lncr, just to the left of 
the insertion of the falciform ligament These rows 
of sutures extended from the inferior to the superior 
surface of the lncr The sutures were tied on the 
interior surface and the ends left long (fig 2 B and C ) 
With a scalpel the left lobe was removal In cutting 



Tig 14 — A shows the anterior surface of the left 
lobe of the liver partially occupied by a white nodular 
mass winch had invaded the anterior abdominal wall 
Histologic section disclosed the process to be a gumma 
The fissures in the specimen were due to the removal 
of blocks of tissue for frozen and permanent section 
B show’s the posterior surface of the left lobe of the 
lner partially occupied by a gumma, which W’as com- 
posed of numerous nodules of different consistency At 
the time of operation, the process was thought to be 
either a neoplasm or a tuberculoma Frozen section 
showed areas of necrotic liver, scattered giant cells and 
many mononuclear cells which in some areas formed 
“hard tubercles” in which the cells were epithelioid in 

appearance 


between the two rows of hemostatic sutures The free 
cuff of the falciform ligament was then brought down 
°'cr the raw surface of the lner and sutured to the 
posterior aspect of the interlobar sulcus, the long free 
ends of the original mattress sutures being used In 
this manner the raw surface of the lner was completed 
covered (fig 2D) The right lobe was then anchored 
!>' suturing the diaphragmatic attachment of the falci- 
form ligament to the falciform reflexion on the cut 
surface of the lner (fig 2D) This procedure was 
carried out without loss of blood, and there was no 
soiling with bile Several grams of sulfanilamide was 
placed m the peritoneal cavitj, and the abdominal wall 
was closed in lajers with sutures of silk 

Pathologic Revolt — The specimen consisted of the 
left lobe of the liver, which measured 20 bj 16 by 10 cm 
and was partialli occupied b> a white nodular mass 
measuring 10 cm in greatest dimension (fig 14) On 
cutting into this mass, which was largely necrotic liver 
tissue, it was seen to be composed of numerous nodules 
of different consistent Surrounding the major mass, 
although independent of it, were several smaller nodules 
ranging up to 1 cm in size 

Histologic sections showed the major mass to be a 
large gummatous area In the more central portions 
of the lesion there was a great deal of necrotic liver, 
other areas of necrosis were caseous in appearance 
On the periphery of some of the necrotic areas, and m 
general around the periplicrj of the whole lesion, there 
were manv mononuclear cells and scattered giant cells 
The mononuclear cells in places formed circumscribed 
hard “tubercles” m which the cells were epithelioid in 
appearance Stains for acid-fast bacilli and spirochetes 
were negative 

Postoperative Course — The patient’s convalescence 
was entirely uneventful The highest temperature re- 
corded was 99 SF on the second postoperative daj 
His incision healed by first intention, and he was dis- 
charged two weeks after operation Tests with brom- 
sulfalein of the function of the liver showed 8 per cent 
retention 

COMMENT 

While tesections of the liver are rather un- 
common, and complete removal of the left lobe 
of the liver was performed in only 2 reported 
cases, one of us (K P ) was called on to excise 
the left lobe of the liver on three occasions within 
the foui months before this article was written 
and twice within a period of one week The 
conditions foi which the left lobe of the lner 
was removed were carcinoma, hemangioma and 
gumma 

Primary caicmoma of the liver ansing in the 
left lobe should be treated by wide excision or 
preferably complete lemoval of that lobe, since 
the growth of this tumor is slow and it is late 
in metastasizing 10 

Hemangioma occurs more common]}’ in the 
liver than m any other internal oigan Although 

16 Sternberg, G Lehrbuch der allgemeinen Pathol- 
ogie und der pathologische Anatomie, Berlin, F C W 
Vogel, 1928, p 499 MacCallum, G W A Text Book 
of Pathology, ed 6, Philadelphia, W B Saunders Com- 
pany, 1937 Ewing, J Neoplastic Diseases, ed 4, 
ibid, 1943 
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t is usualh small and asymptomatic, occasionally 
ii grow s to sufficient size to cause symptoms, 
due not onlj to its position m the liver but to 
piessure on othei organs 01 blood vessels Rup- 
ture of a hemangioma ot the livei occurs fairly 
frequently, 17 carrying with it grave iisk and re- 
sulting in many instances m death 1S 
It should not be infeired that we ad\ ocate 
surgical removal of gumma of the livei In case 3 
the patient might have been spaied an opeiation 
if the correct diagnosis had been made How- 
e\er, no one, eithei clinician oi surgeon, had 
suggested this diagnosis, and even at the time of 
operation we thought that we w ei e dealing \\ ith a 
giant tuberculoma 01 a neoplasm Frozen sec- 
tions did not aid m the diagnosis, and the final 
diagnosis of gumma was not made b_\ the patholo- 
gists for sei eral weeks 

The liver has such gieat reserve functional 
capacity and legenerative ability that laige areas 
may be destroyed by disease or removed surgi- 
cally before hepatic function is clinically impaired 
In none of our cases was theie any evidence of 
impaired hepatic function either before operation 
or after the entire left lobe of the liver had been 
removed In 1 case there was slight retention 
of bromsulfalem ten days after operation Favor- 
able for extensive excision of lesions of the right 
lobe of the liver and for complete removal of 
the left lobe when it is affected is the tact that 
regeneration occuis promptly and almost com- 
pletely Studies in resection and regeneiation 
have been carried out by von Meister 18 and Fish- 
back 20 on experimental animals in which as much 
as four fifths of the liver was removed, with 
almost complete legeneration in six to eight 
weeks 

17 Dahle, M Angioma hepatis med ruptur og 
blddnmg til bukhulen, Nord med (Med rev , Bergen) 
^ 3334, 1938 Karp, M Spontanruptur ernes Leber 
Hamangioms, Zentralbl f Chir 58 1455, 1931 Marck- 
sladt, K 0 Ueber geplatze Hamangiome der Leber, 
Deutsche Ztschr f Chir 250 37, 1938 Pozzi, G 
Angioma cavernosa del Fegato, Clin chir 8 625, 1932 

18 Hammer, F Beitrage zur Pathologie des Neu- 
geboren, Ztschr f Geburtsch u Gjnak 50 213 1903 
Kissinger, C C, Sternfeld, E, and Zuker, S D 
Rupture of a Cavernous Hemangioma as a Cause of 
Death in a Newborn Infant, Ohio State M J 36 383, 
1940 Leflan e, E Angiome du foie Autopsie , evimen 
nncroscopique, Bull Soc ana t de Paris 1 379 1887 


Martens’ 21 study of the blood supply of the 
livei has shown that the right hepatic arterv 
anastomoses freely with the branches of the left 
hepatic artery, s o that either lobe would piobably 
leceive an adequate blood supply if the artery 
of the opposite side was divided Martens also 
showed that the left lobe and lobus quadratus 
are supplied by the left branch of the hepatic 
arteiy, that the right lobe is supplied entnely 
and the lobus caudatus mainly by the light 
hepatic artery, but that the lobus caudatus also 
leceives a small branch from the left hepatic 
aitery This distribution of blood supply safe- 
guards the lemaming livei substance m case 
i adical resection of either lobe is necessary, with 
sacnfice of the blood supply of that side 

SUMMARY AND CONCLUSIONS 

Total extirpation of the left lobe ot the livei 
has been reported twice Partial excisions have 
been repotted on numerous occasions Removal 
of the entne left lobe of the liver is advocated, 
tor it has been found to be more easily and 
saiely accomplished than local excision of a large 
pait of it containing a lesion 

Complete removal of the left lobe of the livei 
has been performed on 3 patients Mobilization 
of the liver was obtained by dividing the falci- 
form ligament near its diaphragmatic attachment 
Hemostasis was accomplished by inserting two 
lows of mattress sutures of braided silk m the 
interlobar sulcus, which were tied on the inferior 
surface the ends being left long The left lobe 
was then resected The raw* surface of the right 
lobe was covered with the falciform ligament 
The right lobe was then firmly attached to the 
diaphragm the long suture ends being employed 
as figure-of-8 stitches 

Function of the lner after total extirpation of 
the left lobe has not been unpaired 

19 von Meister, E Recreation des Lebergewebes 
nach Abtragung ganzer Leberlappen, Beitr z path 
Anat u z allg Path 15 1, 1894 

20 Fishback, F C Morphologic Studv of Regenera- 
tion of Ln er After Partial Removal, Arch Path 7 955 
(June) 1929, Regeneration of Lner, Proc Staft Meet, 
Majo Clm 3 363, 1928 

21 Martens, E Rontgenologische Studien zur arte- 
riellen Gefassversorgung in der Leber, Arch f Klin 
Chir 114 1001 1920 



FRACTURES OF THE CARPAL SC \PHOID BONE IN INDUSTRY 
AND IN THE MILITARY SERVICE 

LIEUTENANT COMMANDER M G HENRY (MC), US NR 


In a laige industrial organization injuries to 
the wrist outnumber otliei injuries by a wide 
margin These injuries include sprains that heal 
by themselves, sprains that become chronic and 
so-called “sprain fractures ” Aside from these 
there is also the all too common “special case” 
which becomes progi cssivcly woise regardless 
of treatment Carefully taken roentgenograms 
usually leveal a scaphoid bone with an ununited 
fracture This t\pe of injury presents \aned 
pioblems It is not alone a painful handicap to 
the patient and a perplexing case to the physician 
but it is a decidedly trying case for the Acci- 
dent Commission and becomes a serious economic 
liability in the yearly budget In the militan 
service the patient with a fractured scaphoid 
becomes a “complainei ” and is not only a handi- 
cap to the service but, more important, exceed- 
ingly bad for the morale of the men m camp 

REVIEW' or LITERATURE 

All waiters on fractures of the scaphoid bone 
agree that this is one of the most easily ovei- 
looked injuries and, therefore, one of the most 
neglected and most frequently incoriectly diag- 
nosed and improperly treated 

In 1907 Thomas Dwight 1 called attention to 
-the weak internal structure in the middle region 
of this bone, the density of the structure at each 
end, and the fact that the proximal end has 
more strength than the distal end In some 
scaphoids there are evidences of incomplete union 
of two distinct elements There may be numei ous 
anomalies m the scaphoid, as in other bones, and 
these anomalies are easily revealed in roentgen- 
ograms Since this paper w r as completed I have 
accidentally discovered an anomalous scaphoid 
w'hiclr was not only fractured but found to be 
congenitally fused with the greatei multangular 
bone A brief report of a case of this interesting 
anomaly will be made in a later paper 

Davidson and Horowitz (1938) 2 stated the 
belief that total excision of the scaphoid is the 
operation of choice in badly comminuted frac- 

1 Dwight, T A Clinical Atlas Variations of the 
Bones of the Hands and Feet, Philadelphia, J B Lip- 
pmcott Company, 1907, pp 3 and 4 

2 Davidson, A J , and Horowitz, M T An 

Evaluation of Excision in the Treatment of Unumted 

Fractures of the Carpal Scaphoid Bone, Ann Surg 

-108 291 (Aug) 1938 


tures, and that early excision results in a painless 
and normally functioning w'rist with little or no 
deformity They recommend total, not partial, 
excision Five of 8 cases of nonunion with pain 
and disability in which they performed total 
excision showed excellent results Our studies 
hate led mj colleagues and me to agree with 
the conclusions of these authors as to the adv lsa- 
bihty of this procedure 

Brittain 3 ( 1938) emphasized the fact that frac- 
ture of the scaphoid is the most common injun 
to the carpal bones, and decidedly the most 
neglected However, one cannot agree with this 
authoi s recommendation of remov al of the entire 
proximal row of carpal bones as the operative 
treatment for unumted fractured scaphoids 
Such a radical procedure must greatlv interfere 
with the mechanics of the joint and w'eaken its 
function decidedh 

Plullip Wilson 4 described the relatively poor 
blood supplj m carpal bones He brought out 
the fact that fractures of these bones were 
generalh intra-articular and that the fragments 
were bathed in sjnovial fluid 

Lack of all periosteal callus as an important 
factor in causing slower fusion of the fractured 
fragments was brought out by Robert Johnson 5 
m 1927 

In cases of dislocation of the fractured scaphoid 
Kellogg Speed 6 in 1924 recommended earh 
operative removal, stating that this procedure 
promised the greatest return of function 

Our observations agree with those of Obletz 
and Holstein,' who stated that there is a char- 
acteristic tendenc} of fractures of the scaphoid 
to i esult in nonunion, and that this becomes one 
of the most disabling and serious afflictions of 
the wrist From their anatomic studies of the 
scaphoid bone they show' the relationship between 

3 Brittain, H A Fracture of the Carpal Scaphoid, 
Brit M J 2 671 (Sept 24) 1938 

4 Wilson, P D Experience m the Management 
of Fractures and Dislocations, Philadelphia, J B Lip- 
pmcott Company, 1938, pp 40 and 41 

5 Johnson, R W , Jr A Study of the Healing 
Processes in Injuries to the Carpal Scaphoid, J Bone &. 
Joint Surg 9 482 (July) 1927 

6 Speed, K The Fate of the Fractured Carpal 
Navicular, Ann Surg 80 532 (Oct ) 1924 

7 Obletz, B E , and Holstein, B M Non-Union 
of Fractures of the Carpal Navicular, J Bone &. Joint 
Surg 20 424 (April) 1938 
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the relatively inadequate circulation and the high 
incidence of nonunion There is a narrow ndge 
running obliquely around the dorsal surface in 
which are found the arterial foramens through 
which the vessels supply the bone with nourish- 
ment Fractuie thiough the middle portion 
could interrupt the blood supply to the fragments, 
thus leading to necrosis The synovial fluid pres- 



Fig 1 — \ striking photograph to bring out the rigid 
rule in technic that the hand must be in sharp ulnar 
deviation when roentgenograms are taken of the wrist 
On the right, the normal anteroposterior view shows 
no evidence of fracture On the left, same case, with 
the hand in sharp ulnar deviation a typical well marked 
fracture of the middle third of the scaphoid is brought 
out 

ent, they stated, exerts no serious action There 
is some disagreement on the latter point Wilson 
believes that its presence retards healing of the 
bone 





Fig 2 — Complete malumon of fractured middle third 
of scaphoid and markedly necrosed bone with absorp- 
tion and nonunion The picture shows the result of total 
excision of the scaphoid A perfect functional result 
"as obtained in this case 

Bone grafting is regarded by some as highly 
effective B S Adams 8 instituted this pro- 
cedure m 1928, obtaining perfect anatomic and 
functional results The exact technic may van. , 

8 Adams, B S Fractures of Bones of Hand and 
Fingers, Minnesota Med 12 515 (Sept ) 1929 


but the operation is always essentially the same 
A piece of tibia trimmed to proper size bridges 
the fracture line The scaphoid fragments are 
prepared either by grooving or by boring a hole 
in the bone, care being taken not to injure the 
articular surfaces A graft is preferred to a 
bone peg because it stabilizes the fragments more 
effectively 

Writers on this subject are in agreement as 
to the advisability of operative measures in treat- 
ing these fractures There is some disagree- 
ment as to the best treatment but the consensus 
is that excision of the bone in cases of nonunion 
of fractures results in relief of symptoms and 
nearly normal function of the wrist 

There is almost unanimous agreement that 
final results in these injuries must be judged 



Fig 3 — This picture shows typically what we believe 
is a critical fracture through the inner middle third of 
the scaphoid resulting in nonunion and necrosis of the 
bone, even though every form of conservative treatment 
was tried out Total excision of the scaphoid bone 
resulted in satisfactory function 

clinically and not by roentgenograms alone A 
i oentgenogram may show complete union of the 
bone, but clinically the wrist may still be painful 
and ankylosed and, viewed from an industrial 
angle, a definite handicap 

author's cases 

In this report I submit 12 cases of fractured 
carpal scaphoid from a five year survey of work 
done in a large industrial plant The histones 
of the cases are omitted The work m the in- 
dustry' was hazardous, and yet in the military 
service my survev of onlv four months shows 
nearlv twice as many cases The large number 
of men from all over the country together with 
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the severe commando type of activity makes for 
the greater number of cases m the army 
Of the 12 cases m industry over a five year 
period, 9 patients recovered completely with 
exacting but conseivativc management They 
regained full painless function of the injured 
v\ rist in an average tune of twelve weeks Three 
patients, or 25 per cent, icquired surgical mter- 


cnibarkation base I was able to find 22 cases o 
iractured scaphoid Practicall) all of thes 
patients gave the same history of falling on the 
hand during rigorous exercise maneuvers The 
time elapsed between their injury and the day of 
examination ranged from one day to three years 
The table brings out the evident chromcity ol 
pain and malfunction in these cases over long 



p,g 4 — Fracture of the middle third of the scaphoid bone Roentgenograms of both wrists show that when 
there is an anomalous ridge in one wrist there is a definite fracture through the anomalous ridge m the 
other wrist 



Fjg 5 — This picture shows severe dislocation in the carpal bones, also a fractured radius with a seiereh 
fractured scaphoid Owing to excessive and severe injuries in this wrist, it w'as thought that the scaphoid 
would have to be removed Three months later, when more severe pathologic processes elsewhere m the body 
were treated, the scaphoid w f as noted to be entirely healed showing that even though other bones of the wrist 
were involved, circulation to the scaphoid per se was intact and union occurred 


vention, 2 for nonunion following prolonged con- 
servative treatment and 1 for marked displace- 
ment of the lateral fragment 

During a four month period, from April 
through Jul} of 1943, at a large receiving and 


periods Seventy-three per cent of the patients 
suffered from fracture through the middle third 
of the bone, vv lnle 22 per cent had fractures of the 
outer third and only 5 per cent oi the inner third 
All of these patients had pam in the wrist, 
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especially on hypei extension of the hand and all 
had weakness m gripping There were 7 cases 
(32 per cent) of definite nonunion In all of 
these the fractures were of the middle third of 
the bone and the patients had total loss in dorsi- 
flexion and pain on gripping The aveiage age 
of the patients in this survey is 25 years A table 
of the results of this survey of cases at a United 
States Navy destroyer base follows 

COMMENT ON CASES 

A. thorough analysis of our cases has con- 
wnced us that no one set of rules can ever be 
ideal for this industrial as well as military prob- 


Naturally, pain itself automatically becomes a 
most efficient splint 

It is felt that the end result does not depend 
on immobilization, rest or any other conservative 
treatment, but rather on the site of the injury 
and whether or not this injury has destroyed or 
impaired the already poor circulation to the 
scaphoid bone It has been our policy to operate 
as early as possible after the diagnosis is made, 
if operation is to be done, because we feel that 
this gives the best ultimate functional result 
Undoubtedly, if one delays it will not only be 
necessary to deal with a fractured scaphoid per 
se, but also with subsequent chronic changes 


Data i n Txvcnty-Two Cases of Fiactuie of the Caipal Scaphoid Bone at a United States Revieunng 



Station Destroyer 

Base from 

Apt it 1 to August 1, 

, 1943 

Etiology 

\ge 

Time Elapsed 
Since Injury 

Site of 
Fracture 

Weakness 

m 

Grinning 

Pam 

Eoss of Motion— Permanent Imury 

Fell on hand 

at 

3 years miured 

Mid W 

Yes 

Yes 

Loss m dorsiflexion nonunion 

Fell on hand 

27 

again 

1 da} 

Mid W 

Yes 

Yes 

Tes 

Fell on hand 

26 

1 day 

Outer Vi 

Yes 

Yes 

Slight 

Fell on hand 

29 

1 month 

Outer V> 

Yes 

Tes 

Healing callus 

Struck wrist 

25 

1 day 

Mid V, 

Yes 

Yes 

Fracture not complete 

Struck wrist 

22 

1 month 

Mid V. 

Yes 

Yes 

Fracture not complete 

Fell on band 

21 

2 months 

Mid V, 

Yes 

Yes 

Aonunion yes 

Fell on hand 

22 

1 day 

Mid outer % Yes 

Yes 

Incomp'eto fracture 

Fell on hand 

19 

4 days 

Mid W 

\es 

Tes 

Loss in dorsiflevion 

Fell on hand 

20 

0 weeks 

Mid V. 

Yes 

Yes 

Callus union good incomplete 

Fell on wrist 

26 

1 month 

Mid % 

Yes 

Tes 

fracture 

Incomplete fracture 

Fell on hand 

20 

7 months 

Mid W 

Tes 

Yes 

Jsonumon yvith absorption pam 

Fell on wrist 

18 

2 months 

Outer V, 

Yes 

Yes 

and swelling 

Healing all right 

Run oyer by roller skate 

18 

1 day 

Outer W 

Yes 

Yes 

Incomplete fracture 

Fell on hand 

22 

244 months 

Outer Vi 

Yes 

Tes 

Incomplete fracture 

Fell on arm 

21 

1 day 

Inner ¥> 

Yes 

Yes 

Incomplete fracture 

Fell on hand 

33 

7 months 

Mid V, 

Yes 

Yes 

IsODUEJOn 

Fell on hand 

3o 

3 years 

Mid % 

Yes 

les 

Nonunion with bone absorption 

Fell on wrist 

19 

" months 

Mid outer % Yes 

Tes 

and separation 

Incomplete fracture healed 

Fell on hand 

35 

3 years 

Mid V, 

Yes 

Yes 

Pam nonunion 

Fell on wrist 

22 

1 day 

Mid W 

Yes 

Yes 

Incomplete fracture 

Tell on hand 

20 

years 

Mid W 

Yes 

\es 

Nonunion with bone absorption 




crepitus total loss in dorsifleyion 


lem Each fractured scaphoid must be treated 
as an individual problem if satisfactory results 
are to be obtained We do not believe that im- 
mobilization of the part can ever warrant a prog- 
nosis of the end result A study of the anatomy 
of the wrist strengthens this belief Any surgeon 
who operates on the carpus knows only too well 
how closely knit are the integral structures that 
make up the v'rist joint Nowliere else in the 
body are there such strong, short, closely knit 
ligamentous structures as those ivhich hold these 
two rows of bones together, because nature here 
dictates the gieatest amount of function com- 
patible with ample protection and strength For 
all these reasons it seems futile to attempt mdi- 
Mdual immobilization of an integral small bone 
m such an ah each closeh knit organization 


sclerosis, calcification of the soft tissues and 
arthritic changes When operation is performed 
late a partial ankjlosis results and thus, to a 
certain degree, a permanently painful wrist joint 
We believe fractured scaphoids are so often 
overlooked because sufficient importance is not 
given to the complaint of “sprained wrist 
Every physician has heard a patient sav, “I fell 
on my hand and got a kink in m\ wrist, just a 
sprain ” When this simple sprain does not get 
well, since a proper diagnosis has not been made 
roentgenograms are taken w ltli the resultant 
diagnosis of a fractured scaphoid The bad fea- 
ture ot tins type of case is that chronic change:, 
haye occurred m the bone, and no matter what 
treatment is used the outcome will be most 
unsatisfactory In addition the most important 
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as well as the most commonlv used, function of 
the hand — that of gripping — is especially painful 
and weakened for a long tunc after the injur\ 
Many physicians as well as patients cannot tin- 
dei stand why after a so-called simple injury to 
the wrist the hand cannot he dorsiflexed and 
cannot grip ouhnaiy objects with the same 
strength as before 

Any dislocation of the scaphoid wc believe 
should be treated by total evasion of the hone, 
because of the fact that minute as well as vital 
vessels aie destroved and the resulting dead 
bone becomes a painful foreign body We stress 
the fact that circulation plays the predominant 
role in detei mining the outcome If the already 
poor circulation of the scaphoid is further un- 
paired by mjurv, theie occurs a slow sterile 
necrosis The dead bone is gradually absorbed 


and may be mistaken for a fracture in roentgeno- 
grams 1 his anomalous ridge occurs near the 
middle third of the bone One roentgenogram 
may give it the appearance ot a fiacture but 
another one taken with the hand in sharp ulnar 
deviation will show the true condition 

'\ttention should be called to the technic ot 
taking the roentgenograms \\ hen it is sus- 
jiected that the scaphoid bone is fractured there 
should be evtremc ulnar deviation ot the hand 
in the roentgenograms this position will bring 
out the bone in its entiretv In an instance in 
which this tcchmc was not emploved a negative 
roentgen report justified us m allowing the 
.patient to return to work m a reasonable tune 
lie returned to us later with a painful malfunc- 
tioning wrist \ i oentgenogram made with the 
hand m sharp ulnar deviation showed an old 



Tig 6 — This picture brings out the importance ot checking both wrists k>r comparison, C'-peciallj when 
there is an anomalous ridge of bone present which is suggestive of fracture, however, if, as this picture shows, 
such a ridge of bone is present similarly in both scaphoids, a negative diagnosis is established 


and replaced by fibrous tissue Many an un- 
healed fracture line through a scaphoid bone is 
called healed when it is filled with dense fibrous 
tissue producing a syndesmosis rather than a 
synostosis 

We feel that interposition of the soft parts m 
this type of fracture has nothing to do with non- 
union It is also possible that the fractured 
scaphoid may be part of a picture of anothei 
fracture involving the hand and wrist, as for 
example fracture of the scaphoid is often associ- 
ated with a simple Colles fracture It is impor- 
tant in reducing a Colies fracture not to leave 
the most important part of the wrist unattended, 
because this one small bone may cause the 
patient more trouble than the longer fracture 
We should like to call attention to the anomalous 
scaphoid which otten is suggestive of a fractuie 


fracture of the middle third of the scaphoid bone 
with complete nonunion and necrosis We were 
then compelled to do a total excision, following 
which a satisfactoiy functional result was at- 
tained 

Figure 1 — the anteroposterioi view — showed 
a fractured radius but nothing moi e At a latei 
date a view with marked ulnar deviation showed 
m addition a fracture of the middle third of the 
scaphoid W e believ e that in am puzzling 
injuries of the wrist, roentgenograms with the 
hand in this position should be made as a mat- 
ter of routine 

CONCLUSIONS 

This survey gives the comparative frequency 
of fractured scaphoid bones in industry and m a 
large military naval base Fractuies of the carpal 
scaphoid are the most fiequentlv missed of all 
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injuries to the wnst and theiefore are the most 
neglected They constitute a most serious indus- 
trial as well as military pioblem 

All sprains of the wrist not showing progress 
within a weelc should be examined loentgeno- 
graphically 



Fig 7 — A two and a half year old fracture of the 
middle third of the scaphoid with nonunion and sepaia- 
tion and loss of function This picture was taken in a 
case at a United States Navy destroyer base 

When roentgenograms are taken the hand 
should be in extreme ulnar deviation at the w r rist 
joint This procedure throws the scaphoid into 
clear view Many fractured scaphoids are missed 
because this technic is not followed 

Complete fracture through the middle to inner 
third of the scaphoid with any degree of displace- 
ment should always be treated by complete 
excision, after swelling of the wrist has subsided 
Fractures of the middle to inner third affect the 
nutrient arteries, and since the circulation is 
already poor, any impairment of this circulation 
is detrimental to firm, bony union 
When the fracture of this bone is a meie 
line, and the fragments of bone are in good 
apposition, w ith no displacement and little if am , 


comminution, the treatment is conseivatn e con- 
sisting of immobilization, diathernn, whirlpool 
baths and passive and active movement 

When the scaphoid bone is seriously com- 
minuted, and especially when the comminution in- 
volves — as it usually does — the outer third, early 
suigical treatment is advised All the affected 
part should be excised, the main bone stiucture 
being left unmolested 

Any dislocation of the scaphoid should be 
treated by total excision of the bone 

Pam and weakness on gripping, as well as 
local pam or dorsiflexion, indicate a lesion of 
the scaphoid 

Any crushing of the scaphoid should be treated 
by complete lemoval of the bone Fracture of 
the scaphoid is a commonly misdiagnosed con- 
dition , many so-called sprained w nsts 01 sprained 
fractures aie actually fractures and too frequentl} 
there is nonunion because of poor circulation in 
the bone 



Tig 8 — Three year old fracture of the middle third 
of the scaphoid with absorption of bone The patient 
suffered severe pain and loss of function (Preisser’s 
syndrome ) The picture is of a case at a United 
States Navy destroyer base 

In a five year industrial surve) theie was an 
incidence of 25 per cent of nonunion m frac- 
tured scaphoids while in a large mihtarj base 
with more cases to report the percentage was 32. 





HEAT AND MUSTARD GAS BURNS 


A COMPARISON 

LIEUTENANT COLONEL AMOS R KOONTZ 
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The object of this series of experiments is to 
make a comparison of the pathologic picture of 
heat burns and that of mustard gas burns, with 
a view to determining whether the same methods 
of treatment are applicable to the two types of 
burns 

HISTORICAL AND THEORETIC 
ASPECTS 

Since the introduction of mustard gas into 
modern -warfare during the first World War 
there has been much speculation as to the exact 
nature of mustard gas burns There has been 
a general feeling that mustard gas burns are 
more persistent than heat burns of the same 
degree of intensity and that the healing process 
is slower Little evidence has been adduced to 
prove this point 

It is true that Warthm and Weller, 1 w ho pub- 
lished a rather extensive monograph on mustard 
gas poisoning in 1919, did produce some evidence 
to support the general view The following 
direct quotation is a summary of their findings 

It differs from a heat burn in the absence of throm- 
bosis, in the greater degree of fluid exudation, in the 
greater moistness of the affected area and in the fact 
that necrosis as shown by the loss of nuclei requires 
hours, or even days, for its complete development The 
coagulated, shrunken and cooked appearance of the tis- 
sues in heat burns is not apparent in the tissues of 
mustard gas burns 

The slow healing is probably chiefly due to vessel 
mjurv and the relatively slight leucocytic demarcating 
infiltration In this respect the lesion is strikinglj like 
an X-raj burn of the skin 

In spite of this pathologic study, there has 
been a feeling among a number of clinical sui- 
geons who had wide experience with mustard gas 
burns during the first World War that such burns 
do heal readily and lapidly if infection is kept 
out and that, all circumstances being considered, 
the condition is no more prolonged, and the heal- 
ing is no more delayed, than with heat burn-, of 
the same degree of intensity 

The piesence of thrombosis in the small blood 
vessels m heat burns and its absence in mustard 

1 Warthm, A S , and Weller, C V The Medical 

Aspects of Mustard Gas Poisoning, St Louis C V 

Mosby Companj, 1919 pp 79 and 80 


gas burns have been stressed b\ Warthm anc 
Weller 1 and have been regarded as of consider 
able pathologic importance Ho\ve\er, MacCal 
lum 2 in Ins discussion of heat burns stated that 
“thrombosis of the minuter vessels has been 
described by several, but others ha\e failed to 
demonstrate any such occlusion, and it can hardly 
play an important part ” Adamt 3 and Delafield, 
Prudden and Wood •* spoke of the thrombosis of 
blood vessels in third degree heat burns but 
made no mention of it in first and second degree 
burns It seems highly probable that the prob- 
lem of thrombosis and the factors causing it are 
no different in burns from either heat or mustard 
than they are elsewhere Sufficient injury of anj 
sort — mechanical, thermal or chemical — to anv 
blood vessel causes thrombosis It is quite likely 
that thrombosis m the vessels of areas burned 
w'lth either beat or mustard is dependent on the 
amount of injury produced b\ the agent con- 
cerned 

A new feature lias been introduced into the 
comparative study of heat and of mustard gas 
burns by the report from England 5 that as late 
as tw enty-one days after exposure there are signs 
of “death pyknosis” in the nuclei of invading 
fibroblasts Therefore, the English investigatoi s 
believe that mustard or “something” stays m the 
skin up to twenty-one days and continues to 
cause damage Control burns with heat and w lth 
chemicals did not produce the later death and 
pyknotic changes noted with mustard burns 

Obviously, from the foregoing considerations 
it is not certain that there is anj essential dif- 
ference in the nature of heat burns and ot 
mustard gas burns Whether oi not such a dis- 
similarity exists and, if it does exist, what the 
nature of the difference is are not matters of 

2 MacCallum, W G A Textbook of Pathology 
ed 5, Philadelphia, W B Saunders Companj, 1934, 
p 360 

3 Adami, J G The Principles of Pathologi, 
ed 2, Philadelphia, Lea & Febiger, 1910, vol 1, p 290 

4 Delafield, F Prudden, T M , and Wood, F C 
A Textbook of Pathology, New York, William Wood 
&. Company, 1921, p 10 

5 Walton D C Personal communication to the 
author 
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purely theoretic or speculative interest If there 
is no difference between the two types of burns, 
then the methods of treating heat burns are 
equally applicable to mustard burns If a dis- 
similarity does exist, it is highly probable that 
the treatment will have to be varied somewhat 
The object of this work is to deteimme this 
point 

PLAN OF EXPERIMENTAL STUDIES 
OUTLINE or EXPERIMENTS 

Duiing the course of this investigation, the 
following foui series of experiments were made 

1 A comparative study (gross and micro- 
scopic) of heat burns and of mustaid burns on 
dogs’ skm, m which both stock dogs and Mexican 
hairless dogs were used, the latter being employed 
because their skm blisters and thus more nearly 
approximates human skin 

2 Experiments with goats to determine the 
relative amount of capillary thiombosis in heat 
burns and in mustard burns 

3 Experiments with goats to determine the 
extent of the inflammatory area beyond the point 
of application in heat burns and in mustard burns 

4 Experiments with rabbits to determine the 
relative healing time of mustard bums and of 
heat burns 

GENERAL PROCEDURE 

Cutaneous burns were pioduced, as neaily as 
possible of equal degrees of intensity, by heat 
and by mustard The heat bums were caused 
by applying a water-heated metal cylinder 1 cm 
m diameter to the skin for three minutes The 
temperature used was 80 C The mustard bui ns 
v ere produced by applying liquid mustard to the 
shin by the usual rod method, except that a glass 
rod 1 cm in diameter was used Two applica- 
tions were made in each instance 

Since details of procedure applicable only to 
certain experiments will be of greater value in 
the actual consideration of those experiments 
such details have been incorporated in the records 
of the experiments to which they pertain 

RESULTS OF EXPERIMENTS 
I COMPARATIVE STUDY OF HEAT BURNS AND 
MUSTARD BURNS ON DOGS’ SKIN 

hi this senes of experiments 14 stock dogs 
and 4 Mexican hairless dogs \\ ere used 

Gioss and Gcncial Observations — Just after 
cxposuie the heat-burned areas appeared red 
" dh a slight s\\ ellmg about the outer parts On 
the Mexican hairless dogs, small blisters appeared 
in these areas Scabs formed within tv enty-four 
to forty-eight hours, and these were depressed 


and hard The scabs usuallj came oft in from 
sixteen daj s to three weeks, leaving health} scars 

Mustard when first applied caused a blanching 
of the area This persisted for three or four 
hours, and then the area started to swell Small 
blisters appeared in about twent}-four hours on 
the Mexican hairless dogs The areas became 
scabbed about the fifth or the sixth da} The 
segbs were not as hard and depressed as those 
on the heat burns, and generall} the surround- 
ing areas were more s\\ ollen The scab re- 
mained in most cases from sixteen days to three 
weeks and when it was lifted off a health} scar 
was found underneath The healing tune was 
approximate!} the same with both types of burns 

The periods of healing of the burns as shown 
by the microscope v r ere slightly longer than those 
observed with the naked eye, because there was 
generally a small ai ea in the center of each 
bum not entirely healed that was not apparent 
m a gross examination Sections of burns v'ere 
taken beyond the healing time in order to note 
any differences m healed seal s 

Resumes of the microscopic obsen ations made 
after different intervals on ( 1 ) stock dogs and 
(2) Mexican hairless dogs are given in the 
sections to follow" In older to avoid confusion 
all data for the stock dogs are presented first In 
the repoits on burns of stock dogs, most of the 
descriptions (those not otherwise specified) of 
stages of the burns are composite descriptions of 
sections taken from burned areas of all the dogs 
studied In some instances, howevei a descrip- 
tion of the bums of a specific dog is used and 
m these cases the specific dog is indicated by its 
senal number These specific cases are included 
in older to show" that there are individual dif- 
ierences in the late of change in the pathologic 
process and that because of these differences it 
does not alwav s show the progressive picture that 
might be expected 

Mid oscopic Observations on Stock Dogs 

One Hour — Heat Burns (Fig 1) The nuclei of the 
epithelium were pjknotic and there was fusion (coagu- 
lation ? ) of the epithelial cells The nuclei ot the capil- 
lar\ endothelium were pvknotic, while those ot the 
sebaceous glands were onh shghth pvknotic The horm 
la\er was destrojed, and most of the blood \e ? sels had 
collapsed 

Mustard Burns (Fig 2) The epithelium was rather 
normal in appearance, the nuclei of the epithelium were 
onlj shghth p\knotic, and the nuclei of the capillarv 
endothelium were pvknotic The capillaries contained 
manj poljmorphonuclear leukoc\tes, a few polvmorpho- 
nuclear leukoevtes were in the tissues, and most blood 
vessels had collapsed 

Two Hours — Heat Burns (Tig I) The picture 
is the same as that ot the one hour burns exct.pt lor 
considerable leukocv tic reaction 

Mustard Burns (Fig 4) The picture is the same 
as that ot the one hour burns except tor the presence 
of more polvmorphonuclear leukoevtes in tilt, tissue- 
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Three Hours — Heat Burns (Fig 5) Fusion of the 
pithelial cells had occurred, with complete disintegra- 
1011 m some places, and the nuclei were extremely 
H'knotic There were necrosis of the corium near the 
pidernus and considerable leukocytic reaction in this 
irea Pyknosis of the epithelium of the sebaceous 
dands was more noticeable than before 
Mustard Burns (Fig 6) The epidermis showed 
nore shrinkage in places and slightly more pjknosis of 
he nuclei, and there was an increase in leukocytic 
eaction 

Twenty-Four Hours — Heat Burns (Fig 7) Pyk- 
rosis of all the nuclei was more apparent but not as 
loticeable as in twenty-four hour mustard burns , the 
pithelium was broken down m one place with con- 
lderable inflammatory reaction There was no evidence 
sf thrombosis of the capillaries 
Mustard Burns (Fig 8) Pyknosis was more notice- 
ble, there were appreciable fusion of the epithelial 
ells and much shrinkage of the epithelium 
Forty Hours — Heat Burns (Fig 10) Coagulation 
md fusion of the epithelium were more pronounced , 
here was necrosis of the corium just next to the epi- 
lermis, with inflammatory reaction m this area 
Mustard Burns (Fig 11) Pyknosis of the nuclei 
}f the epidermis was intense in areas where coagulation 
lad not taken place, and small points of mflam- 
natory reaction were observed at scattered intervals 
mder the epidermis 

Forty -Eight Hours — Heat Burns At t is stage the 
ncture was about the same as that of the forty-hour 
iurns 

Mustard Burns Coagulation of the epidermis was 
nore advanced 

Seventh -Two Hours — Heat Burns (Figs 13 and 
14) Complete necrosis of the epithelium and necrotic 
epithelium desquamated over large areas were observed, 
as well as considerable purulent reaction m the corium 
af the denuded areas, both at the surface and deeper 
in the corium The nuclei of the capillary walls were 
intensely pjknotic 

Mustard Burns (Figs 15 and 16) The picture was 
the same as that of the heat burns except that there 
was not quite so much pus, though there was a more 
widespread diffuse inflammation, extending deeper into 
the corium The epithelium was necrotic and desqua- 
mated The nuclei of the capillary walls were pjknotic, 
though not with the same degree of intensity as m the 
heat burns 

Ninety -Six Hours — Heat Burns (Figs 17 and 18) 
The epithelium was entirely gone m some sections 
The denuded corium presented the appearance of the 
Mall of an abscess There w T ere surface hemorrhage, 
diffuse leukoci tic reaction deep in the corium and pi k- 
nosis of the nuclei of all cells 
Mustard Burns (Fig 19) The epithelium was still 
present in places but hardlj recognizable as a cellular 
structure, coagulation and dissolution being so complete 
Where the epitheluim was absent, the same picture was 
presented as in heat burns Where the epithelium was 
present, e\en in a state of dissolution, it seemed to act 
somewhat as a barrier to infection 
Five Days — Heat Burns No change was obsened 
from the condition of the ninety-six hour burns except 
that leukoci tosis, both superficial and deep, was in- 
ci cased 

Mustard Burns There was no change from the 
picture of the nmeti -six hour burns except that leuko- 
ci tosis, both superficial and deep ivas increased 
Six Dvts — Heat Burns (Fig 20) Hie surface was 
colored with debris infiltrated with pus \li nuclei 


were moderately pyknotic This stage was lllereli an 
extension of the fourth and fifth dav processes 

Mustard Burns (Fig 21) This phase was the same 
as that of the heat burns except that there was more 
infiltration of pus into the corium and was merely an 
extension of the fourth and filth dai processes 

Seiex Dais — Heat Burns The depth of the sur- 
face pus had increased 

Mustard Burns This stage was the same as that 
of the six daj burns 

Eight Dais — Heat Burns (Fig 23) The surface 
was necrotic, and there were considerable round cell 
infiltration of the corium, some new' fibroblasts and no 
pyknosis 

Mustard Burns (Fig 24) The surface was covered 
with purulent debris, deeper and more extensiv e than 
before, and the nuclei of the corium were slighth 
pyknotic 

Nine Days — Heat Burns The surface was covered 
with fibrin and blood, with inflammatory infiltration, 
and the corium was infiltrated with round cells 

Mustard Burns This phase w'as the same as that of 
the heat burns except that there was more pus 
Ten Days — Heat Burns The surface was covered 
with debris and fibrin, under which there was a laver 
of pus There W’as no evidence of regeneration 

Mustard Burns The picture was the same as that 
of the heat burns except that the pus had infiltrated to a 
greater extent 

Eleven Days — H eat Burns (Fig 25) A scab com- 
posed of fibrin, blood and pus overlving the ulcer and 
some regeneration and overgrowth of the epithelium 
w'ere observed 

Mustard Burns (Fig 26) This phase w'as the 
same as that of the heat burns, though there was less 
regeneration of the epithelium 
Twelve Days — Heat Burns No change was ob- 
served 

Mustard Burns (Fig 27) The onh change observ ed 
was that more regeneration of the epithelium had 
occurred 

Thirteen Days — Heat Burns (Fig 30) There was 
regeneration of the voung epithelium under the scab 
entirely across the ulcer 

Mustard Burns (Fig 31) There was regeneration 
of the epithelium under the scab, though the ulcer was 
not bridged across 

Fourteen Days — H eat Burns No change was 
observed 

Mustard Burns Further advances of the epithelial 
growth were noted 

Fifteen Days (Dog 12) — Heat Burn The surface 
was still covered with debris, which was lving on newlv 
regenerated epithelium and granulation tissue covered 
with pus There was no evidence of pvknosis 

Mustard Burn The surface was covered with debris, 
which was King on nevvlj regenerated epithelium and 
chronic inflammatorv tissue, resembling earlv granulation 
tissue The nuclei were slighth pvknotic 

Sixteen Days — Heat Burns (Fig 32) New epi- 
thelium was hing on healthv new corium, and there 
was no pjknosis 

Mustard Burns (Fig 33) This «tage was the same 
as that of the heat bums except that there was but 
little new corium, and the new epithelium seemed to be 
lving for the most part on the old corium (Had most 
of the inflammatorv tissue sloughed off and the epi- 
thelium grown directh across the old corium') 

Seventeen Days (Dog 13) — Heat Burn No change 
was observed 
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Mustard Burn There was partial regeneration of 
the epithelium The base of the ulcer showed dilated 
capillaries and cellular debris No inflammatory reac- 
tion or pyknosis of the nuclei was evident 

Eighteen Dais — Heat Burns The only change 
noted was that the new corium looked slightly more 
mature 

Mustard Burns This phase was the same as that 
on the sixteenth day 

Nineteen Days — Heat Burns No change was 
obsen ed 

Mustard Burns (Fig 35) New epithelium was 
noted under the scab, ly mg on new r -looking corium 
similar to that observed on tbe slide of specimens taken 
from dogs sixteen da\s after occurrence of the heat 
burns 

Twentv Days (Dog 13) — Heat Burn No change 
was noted, though the new corium now looked almost 
is mature as the old 

Mustard Burn The ulcerated area was covered 
with cellular debris There was no inflammatory reac- 
tion or pvknosis of the nuclei Some regeneration of 
the epithelium was obsen ed 

Tvventv-One Davs — Heat Burns (Fig 42) Re- 
generated epithelium (normal-looking, not thickened 
and not having prolongations) was hing on a thick 
layer of new corium 

Mustard Burns Regenerated epithelium (thickened 
in places) was lung on a thin lavei of new corium 
Twenty -Two Da\s — Heat Burns No change was 
noted 

Mustard Burns (Fig 43) No change was observed 
though there was one area the width of a low' power 
field, w'here the ulcer was not bridged b\ epithelium 
Twentv-Thref Davs (Dog 14) — Heat Burn The 
ulcerated area w'as covered with new epithelium, under 
which lay young connective tissue consisting of many 
new fibroblasts There was no pvknosis 
Mustard Burn This stage was the same as that of 
live heat burn except that the new epithelium and the 
connective tissue were not so compact and healthv 
looking No pvknosis was observed Oil another slide 
was observed (in the center) a tvpical chronic ulcer 
base with leukoevtes, round cells and new fibrobhsts 
No pvknosis was noted 

Twfxtv-Four Davs (Dog 14) — Heat Burn This 
was the same as that at tvventv -three davs The epi- 
thelium was thicker than normal 

Mustaid Burn This stage was the same as that 
obsen ed in a specimen taken from dog 14 twentv -three 
dav s after occurrence of the burn 

Twfntv-Fivf Dus (Dog 14) — Heat Burn (Fig 
4fi) This stage was the same as tint observed twentv - 
tlirec days after occurrence of the burn Considerable 
proliferation of the epithelium at one point with chronic 
inflammatory tissue under it was observed 
Mustard Burn (Fig 471 This stage was the same as 
th it of the specimen taken from dog 14 twentv -three 
dav s after occurrence of the burn 

T iiiktv - 1 vv o Davs (Dog 14) — Heat Burn The 
slide was not satisfactorv 

Must ird Burn (Tig 52) New and tlncl ened epi- 
thelium was lving on htalthv voung connective tissue 
1 he regeneration was complete 
1/n rotro/ar on l/< ucan Htuilcss Doos 

Oxf-Hmf Holt (Dog 15) — Heat Burn The pic- 
ture was the same as that of one hour burns (orduiarv 
dogs) except that the epithelium was almost completelv 
destroved and that the nuclei of the sebaceous glands 
were more pvknotic 


Mustard Burn The cells of the hornv layer were 
somewhat swollen, though there was otherwise no de- 
parture from the normal 

One Hour (Dog 15) — Heat Burn This stage was 
the same as that observed one-half hour after occur- 
rence of the burn 

Mustard Burn This stage was the same as that 
observed one-half hour after occurrence of the burn 
Two Hours (Dog 15) — Heat Burn No change 
vv as observed 

Mustard Burn No change was observed 
Three Hours (Dog 15) — Heat Burn The picture 
was the same, except for slight leukocvtic reaction, as 
that of the burn two hours after occurrence 

Mustard Burn The epithelium was more swollen 
Four Hours (Dog 15) — Heat Burn No change 
was observed 

Mustard Burn No change was observed 
Twenty-Four Hours (Dog 15) — Heat Burn There 
was appreciable inflammatorv reaction, which was more 
evident than that in the stock dogs 

Mustard Burn (Fig 9) The epithelium was losing 
its cellular character and was separating There were 
inflammatorv reaction and hemorrhage under it, which 
were more noticeable than those in the stock dogs 
Fortv-Eight Hours (Dog 15) — Heat Burn (Fig 
12) Inflammatory reaction and hemorrhage were ob- 
served 

Mustard Burn No change was noted 
Seven tv -Two Hours (Dog 15) — Heat Burn There 
was inflammatory reaction of the surface The changes 
were not as pronounced as those in stock dogs 

Mustard Burn The epithelium was breaking up, 
with pus under the necrotic pieces Surface hemorrhage 
and leukocytic reaction extending deep in the corium 
were noted, vv Inch were more noticeable than those in the 
stock dogs 

Ninetv-Six Hours (Dog 15) — Heat Burn No 
change was observed 

Mustard Burn No change was observed 
Six Davs (Dog 15) — Heat Burn There was super- 
ficial inflammatorv reaction, and pvknosis of all the 
nuclei except those of sebaceous glands was observed 
Mustard Burn (Fig 22) Superficial inflammatorv 
reaction and surface hemorrhage were noted The epi- 
thelium was entirelv gone There was pvknosis of all 
the nuclei except those of the sebaceous glands 

Sevex Davs (Dog 17) — Heat Burn Superficial 
hemorrhage was observed 

Mustard Burn Superficial hemorihage and subacute 
inflammatorv reaction (small round cells with pvknotic 
nuclei) were noted 

Tex Davs (Dog 17) — Heat Burn \ thick laver 
ot fibrin, under which there wa« a laver of pus, with 
inflammatorv reaction in adjacent tissues, was present 
Mustard Burn Exactlv the same tv pc of reaction 
as that in the heat burn was observed 

Tvvflvf Dvvs (Dog 15) — Heat Burn (Tig 2S) 
The wound showed no inflammatorv reaction There 
was regeneration of the epithelium at the edges 
Mustard Bum (Tig 29) The wound showed little 
inflammatorv reaction Regeneration of the epithelium 
it the edges was noted 

Fourtefx Davs (Dog 17) — Heat Burn The re- 
ictions were the same as those ohsc-ved ten davs alter 
occurrence ot the burn except that the pu- was more 
attenuated 

Mustard Burn The picture was the s->mc i, trat 
ot the heat bum though the mil immatorv reaction ! > 1 
ubsided ta' more. 
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Sixtfen Days (Dog 15) — Heat Burn No change 
was observed 

Mustard Burn (Fig 34) The wound was almost 
entirely cpithclized under a scab 
Sixteen Days (Dog 17) — Heat Burn A thick 
layer of fibrin with a small amount of pus adherent to 
the under surface was observed 

Mustard Burn There was regeneration of the epi- 
thelium in places A mild superficial inflammatory 
reaction was noted where the epithelium was not re- 
generated The ulcerated area was dean 

Eightefn Dais (Dog 16) — Heat Burn Inflam- 
matory reaction extended deep into the corium in some 


Twenty Days (Dog 16) —Heat Burn (Fig 40) 
Regeneration of hypertrophied epithelium, lying on new 
corium, was observed 

Mustard Burn (Fig 41) The picture was the same 
as that of the heat burn except that the lupertrophv 
took the form of thickness rather than that of pro- 
longation of epithelium growing into the corium Also, 
there was less new corium 
Twenty Days (Dog 18) — Heat Burn (Fig 38) 
The epithelium was completely regenerated under the 
scab and was greatly In pertrophied, being on a base ot 
healthy-looking granulation tissue 



Figs 49 to 52 — Figure 49 shows a mustard gas burn of Mexican hairless dog IS after twenty-five d« 
figure 50 a heat burn of Mexican hairless dog 18 after thirty days, figure 51 a mustard gas burn of M-x 
hairless dog 18 after thirty days, figure 52 a mustard gas burn of stock dog 14 after thirty-two days 



places There was regeneration of epithelium lying on 
new corium in other places 

Mustard Burn Partial regeneration of the epithelium 
with little new corium was observed 
Eighteen Davs (Dog 18) — Heat Burn (Fig 36) 
New epithelium lying on new corium was of approxi- 
mately the same maturity as that in other eighteen 
day burns There was no pyknosis 
Mustard Burn (Fig 37) The floor of the ulcer was 
clean except for slight inflammatory reaction The scab 
was still present in some slides where the epithelium 
was regenerated to about the same degree as that m 
heat burns 


Mustard Burn (Fig 39) The surface of the 
was covered with blood, fibrin and pus (scab) Tl 
was no granulation tissue Regeneration of the 
thelium at the edges under the scab was noted 
Twenty-Three Days (Dog 18) — Heat Burn l 
44) There was regeneration of the epithelium 
in the middle of the burned area An overlav of 
composed of blood, fibrin and pus was observed 
Mustard Burn (Fig 45) Regeneration of the ’>> 
trophied epithelium on healthy granulations except in 
middle of the burned area was noted There >■/“- 
overlay of scab composed of blood, pus and fibrin 
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Twenty-Four Dais (Dog 18) — Heat Burn No 
change was observed 
Mustard Burn There was no change 
Twenty-Five Dais (Dog 18) — Heat Burn (Fig 
48) There was regeneration of the epithelium except 
in the middle of the burned area Healthv \oung con- 
nective tissue was present under the epithelium There 
was an overlay of scab of blood, fibrin and pus No 
p\Lnosis was obsened 

Mustard Bum (Fig 49) 1 lie picture was the same 

as that of the heat burn except that the h\cr of con- 



nective tissue under the new epithelium was much 
thinner No pyknosis was noted 
Twenty-Six Days (Dog 16) — Heat Burn The 
picture was the same as that of the heat burn of the dog 
observed twenty -five days after occurrence of the burn 
except that regeneration of the epithelium was complete 
Mustard Burn The picture was the same as that 
of the burn of the dog observed twenty-five days after 
occurrence of the burn except that regeneration of the 
epithelium was complete 

Twenty-Seven Days (Dog 18) — Heat Burn The 
pathologic factors were the same as those of the burn 
of the dog observed twentv-five days after occurrence of 
the burn except that healing m the center of the burned 
area was more nearly complete The new epithelium 
was hypertrophied 


Mustard Burn The pathologic process was the same 
as that of the heat burn 

Thirty Dus (Dog 18) —Heat Burn (Tig SO) The 
healing process was not as complete as that in the dog 
obsened twcnti -seven dais after occurrence of the burn 
\ slide with a specimen from another dog showed al- 
most complete healing of the burned area 
Mustard Burn (Fig 51) The healing process wa' 
complete, and the epithelium was hypertrophied, a thick 
laier of rather dense new connective tissue being under 
it There was no piknosis A slide of a specimer 



normal skm of goats injected with India ink 


from the burned area of another dog showed a gap it 
epithelized which was slightly wider than a low pow 
field 

II EXPERIMENTS WITH GOATS TO DETERMINE T 
RELATIVE AMOUNT OT CAPILLARY THROM- 
BOSIS IN HEAT BURNS AND MUSTARD BURNS 

In this series of tests 1 1 goats which had he 
and mustard burns of various ages (the short 
periods, twenty-four and forty-eight hours, bei 
used principally) were given injections of md 
ink in order to determine the relative amoun 
of thrombosis in the capillaries of the two burn 
areas The india ink was injected into tl 
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jugulai vein, so as to get it into the general circu- 
lation and to make the possibilities of its reaching 
the various parts of the skin the same for all 
parts of the body Specimens of the normal skm 
aiea weie taken foi microscopic examinations, 
as well as material from each of the burns on 
each goat There was difficulty in some cases in 
getting the ink to enter the capillanes of the 
skm, possibly because of some mechanical 
property of the suspension But when the ink 
did enter the capillaries, it enteied those of the 
noimal skin and those of the aieas burned by 
heat and by mustard gas in about equal degrees, 
as is shown in figure 53 to 62 This seems to 
indicate that there was no thrombosis of the 
capillaries, because, if thrombosis were piesent, 
the ink could not have entered them 

III EXPERIMENTS WITH GOATS TO DETERMINE 
THE EXTENT OF THE INFLAMMATORY AREA 

BEYOND THE POINT OF APPLICATION IN 
HEAT BURNS AND IN MUSTARD BURNS 

Several goats with heat and mustard gas burns 
on their skins were given intravenous injections 
of trypan blue in order to determine the extent 
of the inflammatory reaction beyond the actual 
burned area Menkin 0 had previously shown 
that trypan blue injected intravenously stained 
inflamed tissues deeply but passed through 
normal tissues, leaving them entirely unstained 
In these expenments it was observed that the 
stained aieas about the mustard burns were 
about twice the size of those about the heat 
burns, and this showed that the inflammatory 
reaction extended farthei beyond the burned 
areas in the case of mustaid gas burns than in 
the case of heat bums 

IV EXPERIMENTS WITH RABBITS TO DETERMINE 
THE RELATIVE HEALING TIME OF MUSTARD 

BURNS AND OF HEAT BURNS 

Heat and mustard bums, as neaily equal m 
intensity as possible, weie made on the skins of 
rabbits, and they weie photographed from time 
to time m ordei to show the piogiess m healing 
of the two types of burns A number ot rabbits 
were used, and little difference could be detected 
in healing time 

6 Menhm, V Studies on Defiammation I Fix- 
ation of Vital Djes in Deflamed Areas, J Exper Med 
50 171-130, 1929 


COMMENT 

These expenments show minor, not pro- 
nounced and apparently not fundamental dif- 
ferences between heat burns and mustard burns 
Warthm and Weller’s observation as to the 
greater moistness of the affected area of mustard 
burns is correct So far as I have been able to 
determine, the condition of the vessels in the 
two types of burns is the same The leuko- 
cytic reaction in mustard bums is not so slight 
as Warthm and Weller’s observations indicate 
This reaction is more diffuse than the leaction 
in heat burns and extends farther into the conum 
In heat burns, the reaction tends more toward a 
walling-off process, as in abscesses Naturally, 
all burns in these series of experiments were 
infected — a condition which presented a uni- 
formly complicating factor Little difference 
could be made out in the pyknosis of the nuclei 
in the two types of bums 

From the practical point of view, the healing 
period is by far the most important period m 
either type of burn There is little difference in 
the healing stages, either from the point of view 
of time oi from the nature of the scars The 
epithelium is hyperti ophied in both instances 
In the case of heat burns, the hypertrophy is apt 
to take the form of prolongations of epithelium 
into the corium, and in mustard burns, to take 
the form of fairly uniform thickening Also, 
in the case of heat burns there seems to be more 
tendency to formation of granulation tissue, so 
that the new epithelium, when the wound heals, 
lies on a thicker layer of new corium than that 
on which the new epithelium lies in mustard 
burns 

Probably the most important lesult of this 
investigation is the demonstration of the fact 
that the healing time of heat burns and that of 
mustard burns of equal intensity are piactically 
the same (All of these burns were, of course, 
entirely untreated ) This seems to indicate that 
the same treatment is applicable to both types 
of burns 

conclusions 

So far as the experimental results herein re- 
ported are concerned, there is justification for 
drawing the conclusion that there is no major 
difference, either qualitative or quantitative be- 
tween heat burns and mustard burns of equal 
intensity The healing times of the two types of 
burns are practically the same 
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Many substances have been recommended for 
application to burns 1 and wounds, either as 
dressings or detergents Some of these have been 
subjected to testing m rats, and the results aie 
herewith presented 

Testing of substances for local effect on human 
beings under controlled conditions may be satis- 
factory and harmless, as shown by Cannon and 
Cope, 2 who applied tannic acid and methylro- 
samline chloride (gentian violet) to donor sites 
from which skm had been removed for grafting, 
and compared the rates of healing with those of 
a control area Spontaneous human burns and 
wounds vary so greatly m size, depth, location 
and cleanliness that they cannot be used as 
standardized lesions to judge therapeutic results 

A method has been devised utilizing an inex- 
pensive laboratory animal, the rat, which indi- 
cates the necrotizing effect locally in a quantita- 
tive fashion, and which permits some conclusions 
to be drawn regarding the general effects result- 
ing from absorption of the material to be tested 

A previous report by Handler and me has been 
published 3 in which essentially this method w'as 
used in studies on tannic acid From them it 
was learned, for instance, that hepatic necrosis 
could be produced by applying tannic acid in 
either ointment or aqueous form to the area 
denuded of skm, if the area was large enough 
Extensive studies have been reported recently 
by Hartman and Romence, 4 who used dogs to test 

From the Department of Pathology, Duke Univer- 
sity School of Medicine and Duke Hospital 

The work described m this paper was done under 
a contract, recommended by the Committee on Medical 
Research, between the Office of Scientific Research and 
Development and Duke University 

1 Harkins, H N The Treatment of Burns, 
Springfield, 111 , Charles C Thomas, Publisher, 1942 

2 Cannon, B , and Cope, O Rate of Epithelial 
Regeneration Clinical Method of Measurement, and 
Effect of Various Agents Recommended m Treatment 
of Burns, Ann Surg 117 85-92 (Jan ) 1943 

3 Baker, R D , and Handler, P Animal Experi- 
ments with Tannic Acid Suggested by the Tannic Acid 
Treatment of Burns, Ann Surg 118 417-426 (Sept ) 
1943 

4 Hartman, T W , and Romence, H L Liver 
Necrosis m Burns, Ann Surg 118 402-416 (Sept ) 
1943 


particularly damage to the liver resulting from 
\anous agents which hate been used on bums 
Adult w'hite rats are anesthetized with ether 
and the skm of the abdomen and thorax is 
removed over an area S by 10 cm The material 
to be tested is then applied to this skinned area 
for a standard period of time (three minutes in 
the following experiments) by means of gentle 
swabbing with cotton pledgets The rats are 
not bandaged Their behavior after the applica- 
tion is observed Thev are killed at the end of 



Fig 1 — Size of area of skin removed from rats to 
make the tests reported in table 1 The muscle of 
the abdominal wall lies exposed, but a transparent 
layer of connective tissue oveilies the muscle 

twenty-four and forty-eight hours, autopsy is 
performed, and the treated abdominal wall, heart, 
lungs, liver, spleen and kidneys are taken for 
histologic examination The time intervals 
selected are those at which histologically demon- 
strable damage becomes manifest and before 
changes due to bacterial contamination are 
important In addition the stage of healing or 
repair has not begun to any appreciable extent 
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The method, as used, indicates the direct 
necrotizing effect of the substance applied and 
also the generalized acute effects as indicated 
by death of the rat, abnormal behavior of the 



Fig 2 — Left Microscopic section from abdominal 
wall of rat m area denuded of skin and treated with 
isotonic solution of sodium chloride The muscle 
remains normal and the overlying connective tissue 
persists All sections taken twenty-four or forty-eight 
hours after application of test substances Right After 
application of petrolatum Same result as from isotonic 
solution of sodium chloride 

lat or histologic changes in the more important 
viscera If the effect of substances on rate of 
healing, or long time toxic effects, were to be 
studied the experimental procedures would need 
appropriate modification 

Study of skinned abdominal walls of rats 
which aie untreated or treated with isotonic 
solution of sodium chloride indicates that a thin 
layer of connective tissue remains overlying the 
muscle of the abdominal wall After an animal 
is thus skinned, substances with much necrotizing 
effect penetiate this thin connective tissue layer 
and cause necrosis of the abdominal muscle 
The degree of necrotizing effect can then be 
expressed by counting the number of layers of 
necrotic muscle fibers, observed microscopically 
The muscle mass of the abdominal wall of the 
lats used averaged 40 muscle fiber laj^ers, but 
varied in thickness from 31 to 5S 
Table 1 gives the results Six rats were used for 
each substance, killed at twenty-four or at forty- 
eight hours after the applications The results 
uere essentially the same whether examination 
v as made after tv entt -four or forty -eight hours 


In those instances in which the depth of necrosis 
is given as zero there was no necrosis of muscle 
m any animal When necrosis was present it 

Table 1 — Necrotizing Local Effect and Some Gen- 
eialised Effects fioin Application of Various 
Substances to Rat’s Abdominal Wall 
Denuded of Skin > 


Depth of Necrosis 
No of Muscle Fiber 
Layers, Average Comment 


Nothing applied 

0 


iBOtonic solution of sodium 
chloride 

0 


Bone acid ointment (U S P) 

0 


Petrolatum (U S P ) 

0 


Motor oil (Esso no 3) 

0 


Benzene 

05 

Muscular tremors 

Ether 

05 

for 30 minutes 
Bleeding and 

White soap (Ivory) 

05 

reddening of 
treated area 

Hexylresorcinol 

20 


Medicinal soft soap U S P 
(50% aqueous) 

20 

Three died 

Alcohol 95% 

30 

Solution of hydrogen peroxide 

3 5 

Application for 30 

U S P (50% aqueous dilu 


seconds only 

tion) 


3 minutes caused 

Tannic acid 10% 

CO 

death 

Hepatic necrosis, 

Silver nitrate 10% 

90 

central, in 4 


* Each substance was tested on 6 rats 



Tig 3 — Left Effect of medicinal soft soap U S P 
(50 per cent aqueous) The two superficial layers of 
muscle fibers are necrotic, as shown by hyaline and 
\ acuolar change and interruption of continuity of fibers 
There is inflammatory reaction among necrotic frag- 
ments The oyerlying connects e tissue layer remains 
Right Effect of solution of In drogen peroxide U S P 
diluted to half strength with water Necrosis, indicated 
by hyaline muscle fibers, extends to a depth of about six 
lay ers, deeper in this instance than the ay erage noted in 
the 6 rats tested The overlying connectne tissue has 
been destroyed. 
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vaned from rat to rat and occuired to varying 
depths in different parts of the section from the 
abdominal wall of the same rat For example, 
the six lats treated with medicinal soft soap 
U S P (green soap) showed necrosis to a depth 
of 1, 2 5, 1, 2, 3 and 2 5 muscle fiber layers 
lespectively Likewise, the six rats treated with 
ether showed necrosis to a depth of 0 5, 0 25, 
0 1, 0, 1 and 2 muscle fiber layers respectively 
Death occurred spontaneously only in those 
rats treated with 95 per cent alcohol Instead 
of lecoveiing promptly from the ether anesthe- 
sia, these rats lemained stuporous for several 
hours or until death, and it is supposed that 
the absorption of alcohol was sufficient to cause 
death Alcohol levels m the blood were 
determined by Di Haywood Taylor tn 6 addi- 
tional rats, 3 treated with 95 pci cent alcohol and 
3 with isotonic solution of sodium chloride , and 

Table 2 — Alcohol Content of Blood fiom (a) Rats 
Treated with 95 Per cent Alcohol Over Aica 
Denuded of Sktn as Compared with (b) 

Rats Tieatcd with Isotonic Solution 
of Sodtum Chloride Ova 
Simtlat Atcas 


Ruts treated with alcohol 

530 1 mg per 100 ce 


305 0 mg per 100 cc 


441 4 mg per 100 cc 

Average 

447 1 mg per 100 ce 

Rats treated with saline solution 

29 5 mg per 100 cc 


21 2 mg per 100 cc 


12 8 mg per 100 cc 

Average 

21 3 mg per 100 cc 


* The 11 cures indlcnto the high absorption ol alcohol into 
the blood stream from body surfaces denuded of shin 


samples of blood were taken two hours after 
application of the substance 

The figures in table 2 indicate the great 
absorption of alcohol into the blood stream 
from areas denuded of skin 

In addition to the muscular tremors of the 
animals treated with benzene, it was noted that 
rats placed m a closed container could be readily 
killed by the fumes of benzene, and would some- 
times die if tieated in a shallow pan 

The fatal effect of application of 50 per cent 
solution of hydrogen peroxide U S P (l e , 
solution of hydrogen peroxide U S P diluted 
with an equal amount of water) to the skinned 
aiea foi the full thiee minute penod was cor- 
roborated m 6 additional rats, and dissection of 
the thoracic organs indicated that death was due 
to air embolism Application to smaller areas, 
one-half or one-quarter as large, did not cause 
death In Cushny’s “Pharmacology and Thera- 

5 Edmunds, C W , and Gunn, J A Cushny’s 
Pharmacology and Therapeutics, ed 12, Philadelphia, 
Lea & Febiger, 1940, p 790 


peutics,” it is stated that “the formation of 
emboli is seen most frequentl} in the rabbit, but 
was in all probability the cause of death m one 
case of fatal poisoning in man, in which a 
solution of hydrogen peroxide had been used to 
wash out the pleural cavitj Emboli are not 
formed m the dog on hypodermic injection ” 

No change in the internal organs could be 
attributed to any of the substances used except 
the hepatic necrosis produced when tannic acid 
was applied 

The necrosis of muscle at the site of applica- 
tion appeared to be due to the direct effect of 
the substance applied and not to overhing bac- 
terial grow'th, since bacterial growth was super- 
ficial and w r as observed in the controls and in 
connection with substances which produced no 
necrosis of muscle 

REMOVAL or PrTROI \TUM BY DETERGENTS 

A series of experiments was carried out m 
which petrolatum w f as applied to the denuded 
area, allowed to remain for a time and then re- 
moied by various methods recommended in 
the literature for the removal of grease and 
oils from burns, following first aid or home treat- 
ment of burns and prior to definitive hospital 
treatment Some of the methods suggested w r ere 
as follows 

1 Wash with warm watei and ether 

2 Use a mixture of medicinal soft soap U 
S P and solution of hydrogen peroxide fol- 
lowed by hexyhesorcinol 

3 Wash for ten minutes with soap and water 
or isotonic solution of sodium chloride 

4 Use ether or benzene followed by copious 
flushing with isotonic solution of sodium chloride 

5 Use 50pei cent medicinal soft soap (aqueous 
solution, not tincture) and a 50 per cent dilution 
of solution of hydrogen peroxide U S P 

The expei linental animals w r ere subjected to 
these treatments to remove the petrolatum 
These substances removed the petrolatum with 
varying degrees of efficiency, but m so doing 
exerted the same untowai d effects which have 
already been shown It is to be realized, of course, 
that the experimental lesions w r ere not burns 
but wounds and that the surface of a deep burn 
usually has a layer of necrotic tissue to begin 
with, as a result of the burn itself 

TANNIC ACID VERSUS TANNIC ACID- 
SILVER NITRATE 

The same experimental method was used to 
compare the relative hazards of the tannic acid- 
silver nitrate treatment of bums and the tannic 
acid treatment of burns To be determined 
w'ere (1) the degree of hepatic damage and 



BAKER— BURNS AND WOUNDS 


303 i 


(2) the degree of necrotizing effect at the 
site of application The tannic acid-silver nitrate 
combination was applied to 36 rats according to 
the following method A freshly prepared 
aqueous solution of tannic acid was sprayed over 
the denuded area This was followed immediately 
by spraying the area with a tresh mixture of 
equal paits of the aqueous tannic acid and 10 
pei cent silver nitiate solutions This nuxtuie 
v as then sprayed on the denuded suiface ever}' 
ten minutes for a total of foui applications Tan- 
nic acid alone was applied for comparison to 36 
more rats This vv as applied by spray for a total 
of 5 applications exactly to duplicate the scheme 
of application of the tannic acid-silver nitrate 
nuxtuie The concentration of silver nitrate was 



Fig 4 — Left Effect of 10 per cent tannic acid 
Necrosis extends to a depth of six layers of muscle 
fibers, the average noted in 6 rats The overlying con- 
nective tissue is necrotic Right Effect of 10 per cent 
silver nitrate Necrosis extends to a depth of about 
twelve layers of muscle fibers, deeper than the average 
noted The outer half of necrotic muscle is blackened 
by the silver nitrate The most superficial fibers are 
muscle, and the overhing connective tissue has come 
away 

kept at 10 per cent m all experiments, but that 
of tannic acid was 10 per cent, 15 per cent, and 
20 per cent in the mixture m each dozen animals 
and in the control groups Abdominal areas 
one eighth to one fouith of the total body surface 
vveie denuded of skin and treated by the tannic 
acid-sih er nitrate method, b} spray, and by 
the tannic acid alone in the controls 

Damage to the liver was usually absent 
lustologicalh when the tannic acid-sih er nitrate 


solutions were used, while such damage was j 
usually present when the tannic acid alone was 
used Some damage was produced when con- 
centiations of tannic acid as high as 20 per cent 
were used in combination with silver nitrate 

Of the 36 rats treated with tannic acid-silver 
mtiate none had died before the termination of 
the experiment at forty-eight hours, while of 
the 36 rats treated with tannic acid alone 10 
rats had died before the end of that period 

Sections of the area of application of the test 
substances indicated that the combination of 
tannic acid and silver nitrate was essentially as 
damaging to the muscle of the rat’s abdominal 
wall as the tannic acid, the combination producing 
necrosis of eight layers of muscle fibers and the 
tannic acid alone necrosis of nine layers of 
muscle fibers The escharotic effect was exhib- 
ited to the same degree whether the concentra- 
tions used were 10, 15 or 20 per cent 

Thus the silver mtrate-tanmc acid treatment 
appeared to be superior to the tannic acid treat- 
ment in rats, with respect to hepatic damage and 
to mortality, but there was no difference with 
lespect to the local necrotizing effect 

TRIPLE DYE 

Similarly “triple dye,” frequently used m the 
treatment of burns, was subjected to experi- 
mental analysis Aqueous triple dye solution 
(15 per cent methylrosamhne chloride, tetra- 
ethyldiaminotriphenylmethane sulfate [brilliant 
green] and 0 75 per cent acnflavine) was swabbed 
on the area denuded of skin Three or four 
applications were made m a few minutes, with 
drying allowed between the applications 

Of 10 rats treated w ith triple dye 7 died before 
the end of forty-eight hours, while of 10 control 
rats treated with isotonic solution of sodium 
chloride none died In neither group were vis- 
ceral changes noted microscopically The animals 
treated with triple dye were stuporous m com- 
parison with those treated with the isotonic solu- 
tion of sodium chloride Necrosis of muscle 
where the dye was applied occurred to an average 
depth of 8 5 muscle fiber layers, while there was 
no necrosis of the muscle in the rats treated with 
the sodium chloride 

To test further the question of the generalized 
toxic effect of triple dye, subcutaneous inocula- 
tions of the dye were made Ten rats with- 
stood 2 cc Of 3 rats receiving 1, 2, and 4 cc 
respectiv ely, the one receiv ing the 4 cc died The 
area of subcutaneous inoculation show ed massiv e 
edema and necrosis microscopically 

Various experiments were performed to de- 
termine w t 1i ether the rats treated o\ er the skinned 
areas mav have absorbed dve bv licking the 
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treated area or whether the stuporous rats failed 
to take sufficient watei to maintain body fluids 
These expenments were not conclusive for one 
reason or another 

The definite conclusion was that triple dye 
exerted a considerable necrotizing effect locally 
While there was some evidence to suggest that 
tuple dye had a deleterious geneial effect, further 
evidence was needed before a conclusion could be 
drawn 

COMMENT 

The expei imental results show some of the 
effects on lats following the use of substances 
which have been applied to laige burns or to 
wounds m human beings These results indicate 
that several substances have a necrotizing effect 
cm raw muscle surfaces Whether thrs necrotiz- 
ing effect is sufficient to constitute a contrain- 
dication to their use m a human being will depend 
on the circumstances in the case In ordei to 
avoid this necrotizing effect on muscle, and 
piobably on most other subepidermal tissues, 
nothing should be applied, or else such substances 
as isotonic solution of sodium chloride, petro- 
latum or boric acid ointment should be used If 
it is necessary to cleanse the area w ith substances 
other than isotonic solution of sodium chloride 
a substance with slight necrotizing effect should 
be employed Of the three substances with the 
same slight necrotizing effect white soap would 
appear to be preferable, since ether pioduced 
bleeding and reddening of the tieated aiea and 
theie is also the not unimportant danger of 
inflammability Benzene, because of toxicity 
when absorbed from the surface area and by 
inhalation, is less desuable The greater necro- 
tizing effect of such substances as hexyhesor- 
cinol, medicinal soft soap, alcohol and solution of 
hj drogen peroxide make then use distinctly less 
desirable Escharotics such as tannic acid solu- 
tion, tannic acid-silver nitrate solutions 01 tuple 
dye solutions should be used only with the leali- 
zation that they are damaging to normal muscle 
tissue Under certain circumstances the latter 
substances may prove mjunous by absorption 
into the body 


The present study does not concern itself with 
the effect on the rate of healing of wounds, but 
it is probable that necrosis would delaj it 

SUMMARY 

Various substances which have been applied 
to human burns and wounds were utilized on rats 
as test animals and their local and general effects 
noted No necrotizing effect on the exposed 
muscle of the rat’s abdominal wall w»as seen when 
nothing or when isotonic solution of sodium 
chloride, petrolatum, boric acid ointment or motor 
oil (Esso no 3) was applied 

White soap, ether and benzene had a minimal 
but definite necrotizing effect, imohing the 
superficial muscle fiber layer, while hexrlresor- 
cmol, solution of hydrogen peroxide U S P (50 
per cent dilution), medicinal soft soap U S P 
(50 pei cent aqueous), and alcohol (95 per cent) 
produced a more pronounced necrosis imohing 
the superficial 2 to 3 5 layers of muscle fibers 
Tannic acid 10 per cent, silver nitrate 10 per cent 
mixtures of tannic acid and silver nitrate and 
"triple d)e” were extremely damaging to rat 
muscle, to a depth of six to nine layers of muscle 
fibers 

Absoiption of certain of these substances by 
the large ventral areas denuded of skin w r as 
sufficient to cause death, specifically, alcohol (95 
per cent), causing acute alcoholism, and solution 
of hydrogen peroxide U S P (half strength), 
causing gaseous cardiac embolism The absorp- 
tion of benzene caused muscle tremors Lethal 
anesthesia i esulted if the rats breathed am great 
quantity of the benzene Absorbed tannic acid 
produced hepatic necrosis 

These results indicate possible untow ard 
effects of A'anous substances which have been 
employed as therapeutic agents or as detergents 
on human burns or wounds 

On the basis of these tests on rats detergents 
should be avoided, but if they must be used white 
soap and ether are the least objectionable of those 
tested White soap has the advantage, in com- 
panson with ether, that it is not inflammable 

Mrs Margery Prindle, M A , assisted in this study 
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The treatment of choice of wounds depends 
largely on the speed with which facilities ade- 
quate for definitive treatment can be made avail- 
able Surgeons may report excellent results m 
the treatment of civilian casualties in metropoli- 
tan hospitals using methods that would not be 
applicable to field conditions When the wounded 
can be taken immediately to a well equipped 
hospital or to an undamaged sick bay aboard 
a capital ship, radical excision of wounds and 
other operations may be feasible and successful 
But in jungle fighting, hours 01 days may elapse 
befoie the wounded reach a field hospital, which 
usually not only is crowded but is often subjected 
to air laids or even to artillery fire Similarly, 
it the ship aboai d which casualties occur is subse- 
quently sunk, the wounded may float for hours 
before being rescued by a destroyer, whose sick 
bay may alieady be filled to overflowing and 
whose one medical officei has more than he can 
do Since a majonty of the injuries that I saw 
were sustained aboai d ships that were sunk or 
during action on land where prompt access to a 
well equipped hospital w as not available, any con- 
clusions draw n from the course of these patients 
must be interpreted not as being in conflict with 
reports from other areas but as being applicable 
to the type of casualties which occurred early 
in the Solomon Islands campaign 

EVALUATION OF EARLY TREATMENT 

The patients received from the combat zone 
did not arrive at the Naval Hospital m Auck- 
land, New Zealand, until twelve days or more 
had elapsed since they were injured During 
the first few weeks of the campaign, befoie hos- 
pitals weie in opeiation on islands nearer to the 
fiont, patients were received directly from hos- 
pital ships \\ ithout pre\ ious hospitalization 
During this penod my colleagues and I saw 
a true cross section of casualties from the Solo- 
mon Islands, an opportunity denied us when 
hospitals in the north began quite rightly, to 

This ii-tidc Ins been lcleased for publication bi the 
Dnision of Publications, of the Bureau of Medicine 
and Surgerx of the Lnited States Na\i The opinions 
and mcws set tortli are those ol the author and are 
not to be construed as reflecting the policies ot the 
Naw Department 


hold ovei the most seriousl} wounded for sup- 
portive treatment before transferring them to us 
Although we had no opportunity for treating 
fleshly wounded patients, we perhaps were better 
able to evaluate the results of the initial treat- 
ment than were those who gave it and subse- 
quently lost track of their patients through 
evacuation 

From eight to thirty-six hours usually elapsed 
before the patients reached a place where facili- 
ties for definitive treatment were available At 
this stage infection was the greatest problem 
Most compound fractures and many of the more 
severe flesh w r ounds of the extremities had been 
immobilized in plaster A majority of these 
wounds did well when no attempt had been 
made to close them However, wounds that 
had been treated by excision or radical debride- 
ment together with primary closure were nearly 
always badly infected, and it was necessary to 
open and dram those wounds which had not 
already broken open These infections were 
among the most severe that we saw r 

Wounds that had been wudely debnded or 
excised without closure usually did not become 
infected, but the incidence of infection did not 
appear to be any low'er m this radically treated 
group than in those in which little or no 
debridement had been carried out Incisions 
made by excision of the wounds tended to 
gape widely and left large defects which subse- 
quent!}' had to be covered with a skin graft 
Since little or no advantage w r as gamed bv these 
operations, and since the incisions increased the 
deformity and prolonged convalescence, con- 
sen ative debridement or no debridement coupled 
with the liberal use of sulfonamide compounds 
seemed to be the treatment of choice In most 
cases this technic was used, and the incidence of 
gas gangrene appeared to be no higher than 
when more radical procedures were used In 
fact, no gas gangrene was seen in the first 500 
or 600 patients treated 

Wounds in which metallic foreign bodies were 
present healed promptly and with little teqdenc} 
to infection although it the foreign bodies were 
oier 2 cm m diameter or located near the sur- 
face, a clean draining sinus was apt to persist 
Here it was simple to remoie the foreign bod} 
305 
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through the sinus tract without use of anes- 
thesia following which the sinus closed spon- 
taneously Foreign bodies up to 2 cm m 
diameter embedded m muscle produced no 
symptoms, unless they impinged on nerves or 
were m the proximity of joints Therefore the 
immediate removal of deeply embedded foreign 
bodies was not essential, particularly if the pro- 
cedme threatened to introduce infection into the 
depths of a 1 datively clean wound Nonmetalhc 
foreign bodies, usually bits of clothing, were 
either dischaigcd spontaneous!) oi were re- 
moved through the sinus along with the metal 
that earned them m 

The painful dressing of the stumps after 
amputation often presented a difficult problem 
Most of the amputations were of the guillotine 
variety, and too often the skin flaps had retracted 
so far that it was not possible to pull them dow n 
over the raw stump This situation could be 
attributed partially to the impossibility of main- 
taining adequate skin traction during the pa- 
tient’s transfer and partially to the sacrifice of 
too much skin at the time of operation The 
desirability of saving long skin flaps m the case 
of patients who were to be transposed without 
application of traction was at first not sufficiently 
appreciated 

Burns that had been treated by tannic acid or 
other eschar-pi oducing substances were usually 
infected Both healing and skin giafting were 
delayed as compared with those treated by sulfon- 
amide ointments and pressure diessmgs The 
results obtained by the open treatment of burns 
were far superior to those that followed the use 
of eschar-formmg substances It was also shown 
statistically that the incidence of infection was 
lower in burns treated by the local application of 
sulfonamide compounds than in those treated 
with these drugs given only by mouth 

TREATMENT OT INFECTION 

Although the incidence of gioss infection in 
flesh wounds and compound fractures was only 
12 per cent and 14 per cent respectively, the 
treatment of infected wounds constituted our 
greatest problem These wounds were treated 
initially by the local application of sulfonamide 
compounds, and the majority of the patients also 
leceived sulfathiazole by mouth Consequently, 
when the patients reached Auckland infections 
that w ould respond to sulfonamide therapy were 
under control, and only those resistant to- such 
therapy remained 

These cases could be roughly divided into two 
categories first, those m which the infecting 
organism was resistant to sulfonamide therapy. 


and second, those in which mechanical factors 
m the wound prevented drainage and allowed 
pus to accumulate and neutralize the effects of 
the sulfonamide preparations In the latter 
group the establishment of adequate drainage 
either by irrigation with a catheter or by con- 
servative surgical revision coupled with con- 
tinuation of sulfonamide therapy, usually resulted 
in the prompt subsidence of the infection The 
following principles were applied to the treatment 
of infected wounds 

Immobilization — If fever oi pain suggested 
infection in a wound immobilized in plaster, the 
cast was bivahed, the wound was examined to 
make certain that no abscess or pockets v'ere 
forming, and the same cast was then reapplied 
If the wound was not immobilized m plaster, a 
splint was applied If the temperature was ele- 
vated or if there were local indications of cellu- 
litis, the wound was examined every three or 
four days, care being taken to prevent motion 
of the pai t Provided that no abscess or pocket 
was present, patients did better with immobili- 
zation and infrequent dressings than with inten- 
sive treatment 

If mechanical factors blocking drainage were 
present, a conservative surgical revision was 
performed 

Wet Diessmgs — Efficient drainage was pro- 
vided by wet dressings By catheters incorpo- 
rated in the dressings, the wound could be irri- 
gated vv ithout mov ing the extremity or changing 
the dressings Secietions from the wound soon 
coagulated on dr) dressings and blocked further 
drainage Similarly packing the wound open 
with gauze did not provide satisfactory drainage, 
unless the gauze was kept saturated to prevent 
coagulation of secretions 

No Diessmgs — Certain wounds aiound the 
buttocks and lectum were difficult to dress and 
were subject to contamination by feces To 
avoid the discomfort and activity involved m 
the frequent changing of dressings, patients with 
wounds of this type were allowed to he on wax 
paper, which could be changed as often as neces- 
sary with a minimum of discomfort When 
fecal fistulas draining posteriorly were present, 
the patients were placed on Bradford frames and 
bedpans were placed beneath the frames to catch 
the discharge The wounds healed as cleanly 
without dressings as those which one attempted 
to keep covered with clean dressings 

Painful wounds, especially of the hands, and 
raw amputation stumps, to which gauze invaria- 
bly adhered and caused much pam, were often 
covered with sterilized cellophane from packages 
of cigarets 
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Sulfonamide Compounds ■ — A majority of the 
infections were lesistant to sulfonamide prepa- 
rations, either because of local conditions or 
because of the type of infecting organism There- 
fore these drugs were given by mouth only when 
the patient showed an elevation of temperature 
or other evidence of a spreading infection We 
used both sulfanilamide and sulfathiazole locally 
and could see no difference in the efficacy of the 
two compounds 

The fact that certain infections did not respond 
dramatically to sulfonamide therapy should in 
no way reflect on the efficacy of the drugs 
Patients were treated with sulfonamide com- 
pounds for ten days or more before they reached 
our hospital, and the value of these drugs was 
expressed more in the low incidence of infection 
than m then effect on infections which had 
already developed 

There is no danger of overabsorption of the 
sulfonamide preparations from a granulating sur- 
tace Only when the drugs are used m extensive 
fresh burns or are implanted in the peritoneal 
cavity does this dangei exist 
Patients aie larely sensitized to sulfonamide 
compounds given by mouth But when they are 
applied to a raw surface over a long period many 
patients become sensitized If a patient has been 
sensitized by the topical application of one of the 
sulfonamide drugs, its administration b) mouth 
or to a wound causes a rash to appear promptly 
at the site of the original application The rash 
usually spreads rapidly to involve the entire 
body and may be accompanied by fever When 
the reaction is localized, the rash and fever may 
simulate lymphangitis and prompt the physician 
to give increasing amounts of the drug until the 
true nature of the complication is recognized 

Operation — Few infected wounds required 
surgical treatment Deep abscesses were rare, 
and the only foreign bodies which caused signifi- 
cant reaction in the tissues were the nonmetalhc 
ones or occasionally pieces of aluminum Frank 
suppuration was usually present about non- 
metalhc foreign bodies and it was a simple mat- 
ter, usually without anesthesia, to grasp them 
v ith a hemostat and withdraw them through the 
sinus tract Similarh , bits of shrapnel that 
caused persistently draining sinuses could usually 
be felt with a probe and withdrawn with a hemo- 
stat without undue discomfort to the patient 
Large subcutaneous or inti amuscular pockets 
nere treated satisfactorily by (1) immobilizing 
the part, (2) inserting a catheter into the pocket, 
(3) irrigating the wound through a catheter 
or ery two hours da\ and night v ith sulfanilamide 
suspended m a 1 500 solution of chloroazodin 


fazochloiamide) and (4) applying a pressure 
dressing after forty-eight hours of irrigation 
Often when the catheter was removed after foui 
oi five days only the sinus tract remained 

A wound which does not respond within a 
week to intensive treatment with sulfanilamide 
suspended in chloroazodin solution will proba- 
bly never respond to that form of therapy In 
these cases suigical measures were no longei 
deferred, and the pocket was opened and packed 
open Skin was never sacrificed unless the infec- 
tion was of a burrowing necrotizing type When 
the skm was conseived most wounds could be 
closed without utilization of grafts Although 
defects left by this procedure often required 
secondary closure, this was prefeiable to a pio- 
longed period of drainage from a chronic abscess 

SECONDAR\ CLOSURE 

The rate of healing of wounds varies greatly 
in different patients This variation appeared 
to be related to factors other than the presence of 
gross infection or to a deficiency of vitamin C 
The factors which influence the rapidity with 
which a clean wound closes of its own accord 
have not been determined 

Wounds close by contraction and by epitheh- 
zation , these processes go on at various rates in 
different persons and m different locations on 
the same person Wounds of the leg, particu- 
larly ovei the tibia, and wounds about the hip 
are usually slow in closing An underlying bone, 
such as the tibia, seems to interfere with con- 
traction of the wound and the blood supply neces- 
sary for growth of epithelium The difficulty of 
immobilizing the hip without using a body cast 
may be responsible for failure of wounds of the 
hip to heal 

The size of a wound does not necessarily 
determine the advisability of closing it In gen- 
eral, wounds over 2 inches (5 cm ) in diameter 
should be closed, but occasionally a wound of this 
size will contract and epithehze so fast that spon- 
taneous healing will occur nearly as rapidly as 
solid union after closure On the other hand, 
many w ounds only one-half inch (1 cm ) in 
diameter may reach a stage of complete equilib- 
rium in which no further contracture or epi- 
thelization takes place This situation usually 
occurs in wounds over the tibia, but may occur 
in any wound of long duration when the blood 
supply and ability to contract are limited ' 
base of dense scar tissue 

Since at first glance it is impossil 
whether a wound will heal spc 
whether operatne treatment 
a wound should be obser\ 
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closuie is advised During this time any lesidual 
infection can be cleaied up so that the operation 
may be performed m as clean a field as possible 
Many fresh wounds which at fiist seemed to 
lequire closuie will have healed so fast during 
this period of prepaiation that operation will not 
be necessary 

On the other hand, if a small wound, even 
r /> inch or less in diameter, i caches a stage w hen 
its edges appeal totally inactive and when it has 
1 emained the same size for a week or longer, time 
will be saved if a secondary closure is done 
immediately The time for closure may be deter- 
mined only by observing the wound and noting 
its failure to make pi ogress undei adequate 
conservative ti eatment 

In general, wounds do not show a maximum 
healing tendency until two weeks aftei they have 
been sustained By this time the infection usu- 
ally has subsided, and the wound is granulating 
cleanly and beginning to conti act and epithehze 
If a wound ife two oi mOre months old, it will 
i areh' exhibit a dramatic healing tendency and 
will often develop the chromcity of an ulcer 
Theiefore it is a good rule to act promptly m 
closing old wounds, and to delay in closing small 
wounds of recent ongin Fiesh wounds of large 
size heal according to the law of diminishing 
return, the wound may heal rapidly at first and 
then, as scar tissue forms at the base and im- 
pedes cuculation and contraction, the wound 
may heal more slowly, or may never heal It 
it, unwise to expect the rapid spontaneous closure 
of a large wound, no matter how fast at first it 
may appear to be closing 

Secondary Closuie vs Skin Grafts oi Spon- 
taneous E pit he heat ton — Whenever possible, clo- 
sure of a defect by suture is preferable to the 
grafting of skin After closure, the surface is 
composed of normal skm and subcutaneous tissue 
and is much moie resistant to tiauma than is 
even a thick skin graft Closure reduces scar- 
nng, and if the deeper tissues are not injured 
the patient is fit to return to duty as soon as 
the wound is solidly healed A skin graft must 
! be protected from trauma for weeks oi even 
months and may never afford an entirely satis- 
factory surface m locations subjected to weight 
bearing or trauma 

Extensive scarring, resulting from spontaneous 
epithehzation, is similarly undesirable The epi- 
thelium is thin and lacks the supportive struc- 
tures of normal skm The slightest trauma may 
cause this type of epithelium to break down 
repeatedly, or if the scar is at a joint, its con- 
traction may limit motion Secondary closure 
therefore is the treatment of choice for all large 


wounds which will heal with a broad scar that 
might be the site of future trouble 
It is difficult to decide when to graft skm and 
w'hen to close a w'ound by suture In most 
w’ounds the defect m the skin is more apparent 
than real The same elasticity of the skm which 
results in wide separation of the wound edges, 
particularly after radical debridement, often 
allows it to be closed again by suture How- 
cvei, w'hen skm has been avulsed by shell frag- 
ments in u'ounds of exit, or when primary 
closures liar e broken dow n w ith loss of the skm 
edges, the defect may be too large to close with- 
out giafting Here grafting should be deferred 
until the wounds is clean, and until all sinuses 
have filled After suitable preparation of the 
surface, a split-thickness skin graft should be 
applied 

The success of a secondary closure depends 
primarily on the ability of the surgeon to 
immobilize the part and to apply' an efficient 
pressure dressing If a snug pressure dressing 
can be applied bv a circular elastic bandage 
wounds of the arms or legs can be closed even 
under considerable tension Wounds about the 
hip, however, are subject to motion with every 
movement of the trunk or legs, unless a spica 
cast is used, and pressure is difficult to apply 
If theie is much tension in an area subjected to 
motion, the sutures tend to cut through and the 
wound edges to separate, resulting m a failure 
of the closure Consequently, although wounds 
of the legs oi arms under extreme tension may 
be closed by sutures, wounds of the hip should 
be covered with skm grafts unless the skm edges 
can be brought together with ease 
Wounds of the musculai poitions of the legs 
or aims can be undei cut widely so that the 
edges can be approximated, and firm pressure 
dressings applied without jeopardizing the circu- 
lation of the skin flaps Wounds over the tibia 
must be treated more carefully, for if the skin 
flaps aie widely undermined the piessure of the 
dressing against the tibia may cut off the circu- 
lation and cause neciosis of the skin edges 
Similarly, when a flap is to be swung from 
the side of the leg over the tibia, it should fiist 
be elevated and i eplaced m its bed for two weeks 
before final transfer is effected The circulation 
of the skm of the leg is not so good as elsewhere, 
and when flaps are longer than the width of their 
bases, it is safer to tiansfer them in stages 
Technic of Secondaiy Closure — If a defect is 
to be covered with a skm graft, the surface should 
be as clean and the gianulations as healthy as 
possible If the wound is to be closed, how ever, 
it is not so important for the gianulations to 
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be flat and red as if a giaft were to be applied 
Although a closuie usually can be accomplished 
successfully in the presence of considerable dis- 
charge, there should be no unclosed sinus tract 
leading to a pocket from which infection can 
spread and involve the entire wound Prepa- 
lation for secondaiy closure of a clean granu- 
lating wound usually consists of sprinkling sulf- 
anilamide powder on the wound twice daily for 
two days and applying a pressuie chessing satu- 
lated with chloioazodm solution 
The operation is perfoimed with the patient 
eithei undei local anesthesia or undei anesthesia 
with pentothal sodium and consists of the follow - 
mg steps 

1 Granulation and scai tissue is excised down to 
normal muscle or fat When uenes, v essels, tendons 
or other important structures aie m the vicimtv only 
the granulations are sha\ ed away Although the results 
seemingly are not so good as when scar tissue is com- 
pletely excised, the numbei of failures does not war- 
rant the risk of damaging important structures 

2 The skin is undercut sufficiently to accomplish 
satisfactory closuie 

3 Hemostasis is obtained chiefly by pressure dress- 
ings, no attention is paid to venous or capillary oozing 
Spurting arteries are ligated with no 50 or 60 cotton 
No catgut is used because it tends to cause reaction 
m the tissues and result in the development of infec- 
tion Few or no ligatures are used, and in our experi- 
ence there has been no difficulty with cotton being 
discharged from these wounds 

4 The entire wound is dusted with sulfanilamide 
powder 

5 The skin edges are approximated with vertical 
mattress sutures of no 32 stainless steel wore by taking 
large bites No rubber gauze or other material is 
placed between the loops of the sutures and the skin 
to prevent the wires from cutting through Wire with 
the aid of a pressure dressing holds the skin together 
long enough to insure adherence of the edges, if the 
wire does cut through, only small veitical slits are 
left instead of large areas of necrosis resulting from 
pressure of the material designed to keep the wire 
from cutting Moreover, the circulation of the skin 
edges is not jeopardized by the pressure of broad 
pieces of rubber under the wore loops Therefore m 
wounds closed under extreme tension it seems prefer- 
able to accept the cutting of a small loop of suture 
nther than to jeopardize the circulation of the entire 
edge of the wound with pressure from vanous deuces 
designed to prevent the sutures from cutting 

b If considerable oozing is present or if the wound 
is grossh contaminated, a small rubber drain is inserted 
through the skin edges at the dependent part of the 
wound 

I \ gauze dressing is applied to the wound, and 
°'cr this stenle mechanic’s waste (cotton) is placed 
to assure an e\cn distribution of pressure Pressure 
is then applied with a wo\ en elastic bandage 

S If the wound imohes a joint, the joint is splinted 
to insure absolute lnimobihtv 

9 The wound is inspected for the presence of infec- 
tion after fi\ C dais, if it is healing well, the pressure 
dressings and splints are reapplied The sutures are 


not removed for two or three weeks, ev en if thej tend 
partially to cut through the tissues 

The incidence of infection m these cases is low 
and the results when pressui e and immobilization 
can be maintained are good even when the 
wounds are closed under gieat tension 

FOREIGN BODIES 

Indications foi Removal — Many metallic for- 
eign bodies cause no symptoms If they are not 
(1) over 2 cm m diameter, (2) located m the 
legion of a joint, (3) impinging on a nerve, (4) 
located subcutaneously or (5) causing a drain- 
ing sinus, thej' may remain embedded m the 
tissues indefinitely without causing trouble This 
is parhculaily true if the patient is not aw’are 
of their presence The deepei a foieign body is 
embedded the less apt it is to cause symptoms 
Foreign bodies over 2 cm m diameter, even 
when deeply embedded in muscle oi fibrous tis- 
sue, occasionall) cause symptoms requiring their 
i emm al 

Foreign bodies located dnectly undei the skin 
aie often palpable, and since they aie readily 
lemoved, it is wise to do so Superficial!} 
located foreign bodies aie more apt to cause 
persistently diaimng sinuses Occasionally their 
proximity to a joint necessitates their removal 

When a patient complains of pain m an ex- 
ti emity and a roentgenogram shows a foreign 
body embedded in the tissues, a logical assump- 
tion is that the pain is caused by the foreign 
hod} However, this is rarely the case The 
pain is usually the result of a traumatic neuritis 
and is not related to the metallic fiagment 
When a nerve lias been damaged or cut, a trau- 
matic neuritis ensues and for weeks or months 
pain may be leferred to the distribution of that 
neive Most patients who complain of pain m 
an extremit} and who show no evidence of infec- 
tion have sensory changes in the skin corie- 
spondmg to the distribution of one of the sensoi y 
nen es Hyperesthesia, hypesthesia or anesthesia 
may be present, and careful roentgen studies 
usually will show' that the foreign bod} is not 
located am where near the course of the nerve 
suppl}ing the area to which the pam is referred 
Lnder these circumstances, removal of the for- 
eign body is not indicated, time will heal the 
symptoms of injurv to the nerve The less the 
patient knows about the presence of the foreign 
bodv, the more apt the svmptoms are to subside 
promptlv 

Technic joi Rcmoz al of Foreign Bodies — 
Both anteroposterior and lateral roentgenograms 
should be used to locate foreign bodies accuratelv 
beiore their removal is undertaken If a report 
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on a roentgen examination states that a foreign 
body 2 cm m diametei is present in a certain 
location m which a mass is palpable, one might 
assume that the palpable mass is the foreign 
body Too often a tiny foreign body, the size 
ot a grain of wheat, is sui rounded with a hema- 
toma which causes the palpable mass, while the 
laige foreign body which is to be removed is 
located elsewhere A small foreign body travel- 
ing at high velocity may penetrate a bone without 
fracturing it and may leave a palpable area of 
reaction along its couise, so that the impression 
is given that the foieign body is palpable ovei 
the bone For this reason, skin markers oi 
fluoroscopy should be used, and anteropostenor 
localization should be carried out The two 
needle system of localizing a loreign body may 
also be of value 

Through the courtesy of an Army General 
Hospital we had access to a Burman Locator, 
an instrument which indicated the location of a 
metallic foreign body The instrument is so 
large, however (its point is nearly the size of a 
thumb), that it is not of much value in locating 
the small foreign bodies that are the most difficult 
to find The instrument is of unquestionable 
value in locating laigei toreign bodies deeply 
embedded in the tissues and has proved to be a 
useful adjunct to roentgenogi aphy and fluoros- 
copy In locating smaller fragments, the fluoio- 
scope is of the gieatest value 

BURNS 

Initial Treatment — During the fiist yeai over 
200 patients with burns were treated at oui 
hospital Only a few' of these burns weie fresh, 
the majority being from ten days to three w'eeks 
old In the beginning nearly all burns had been 
tieated with tannic acid Later the majority had 
been treated with sulfonamide ointments and 
pressure dressings The results of treatment with 
sulfonamide ointment were incomparably superior 
to those obtained with eschar-forming substances 
The incidence of infection was lower, and giaft- 
ing of skin could be done much earlier It made 
little difference which sulfonamide compound 
was applied if the burn was considered to be a 
contaminated open wound and no eschar-produc- 
ing substance was used Our preference for the 
initial treatment of burns was sulfathiazole oint- 
ment and pressure dressings, the initial dressings 
being left on for a week or more unless evidence 
of sepsis developed 

Tieatmcnt of Infected Bin ns — Infection w'as 
the greatest problem in the majority of burns at 
the stage in which we saw them Nearly all 
third degree burns and about 20 per cent of 


second degree burns treated with tannic acid 
w'ere grossly infected 

Dressings and soaks with 1 500 aqueous 
solution of chloroazodm and saline solution were 
most effective in softening eschars and controlling 
infection As soon as the eschars could be re- 
moved intensive treatment was commenced to 
control infection and to prepare the surfaces for 
skin grafts 

Prcpaialion of the II oiwd for Grafting — [I quote 
from an eirlier article 1 ] The use of the suhonamides 
alone does not ah\a\s clean up the infection and pre- 
pare the granul iting surface for grafting Often the 
granulations remain boggy and edematous and continue 
to be covered with purulent exudate in spite of the 
daily application of either sulfanilamide or suhathiazole 
powder The combined use ot moist saline dressings 
and sulfanilamide resulted in striking improvement 
of many of these wounds, but the best results were 
obtained when the wounds were 

1 Sprinkled with sulfanilamide 

2 Dressed with fine-mesh gauze saturated with a 
Loo solution of azochlorannde in glyceryl triacetate 

3 Co\ ered w ith gauze dressings saturated w ith saline 

4 Bandaged with an elastic bandage to gi\e pressure 

5 Kept moist with saline injected into the dressing 
through catheters 

Moreo\er whcne\er the burn was on an extremiti, 
this was derated to afford dependent lymphatic drain- 
age Forty -eight hours after this type of dressing was 
applied usually there was produced a clean, firm, red 
granulating surface on which skin could be grafted 
without necessitating cutting off the granulations The 
dressings were usually changed onl\ twice during this 
torty-eight hour period 

Sulfanilamide, when not inhibited by the presence ot 
pus and products of proteolysis, will quickh clean up 
most infections that may be present on a granulating 
surface, but if pockets, recesses, or sinuses in which 
pus can form are present sulfanilamide will be macti- 
\ated and the infection will persist 

The combined use of sulfanilamide and azochlorannde 
[chloroazodm] appeared to be much more effective than 
the use of either drug alone 

The pressure dressings not only reduce the amount 
of exudate and thus decrease the mhibiton effect that 
this exudate will ha\e on the sulfanilamide, but also 
reduce the edema of the granulations and make them 
firm, vascular, and ready for grafting 

The moist dressings prevent caking of the sulfanil- 
amide powder and allow free drainage of the exudate 
If dry dressings are applied they soon trap further 
secretions beneath an impervious layer of caked exudate 
and thus inhibit the activity of the sulfanilamide 

If the extremity is elevated, gravity aids in reducing 
the edema of the granulations, and the exudate appears 
to diminish in amount It is thus clear that each step 
in this plan of treatment plays a part in diminishing 
or removing the exudate or in neutralizing its inhibitory 
effects on the activity of the sulfonamides 

1 Cnle, G, Jr Experiences of Surgical Service 
of United States Naval Hospital, Auckland, New Zea- 
land, with Casualties from Initial Solomon Islands 
Engagement, U S Nav M Bull 41 306 (March) 
1943 
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The oral administration of the sulfonamides did not 
seem to be of any particular value in the treatment 
of infections m which pus had formed beneath eschars 

In many cases, changing dressings is a painful 
procedure, especially when the burns involve the 
hands Even moist fine mesh gauze tends to 
adhere to the raw surfaces and not only causes 
pain but also destroys the young epithelium 
Although with perfectly clean lesions petiolatum 
gauze or ointments of various types do not have 
the liabilities of gauze, neither petrolatum nor 
any ointment allows free diainage of the secre- 
tions When drainage is blocked, pus accumu- 
lates, granulations become boggy and edematous, 
the efficacy of a sulfonamide compound is reduced 
by the presence of peptones, infection does 
not cleai up, and the area cannot be rendered 
clean enough to apply a graft Petrolatum 01 
any oily substance converts an infected surface 
into an abscess, one wall of which is the granu- 
lating surface and the other the gauze impreg- 
nated with petrolatum A dressing is needed 
which will afford drainage and at the same time 
will not adhere sufficiently to cause pain 01 to 
damage young epithelium when it is removed 
Such a dressing was suggested by Callahan, 2 
who used an absorbent cellulose compound, 
“Kleenex ” Kleenex can be autoclaved and 
applied directly to open wounds or raw surfaces 
It is extremely absorbent, allows free drainage 
of secretions if dressings are kept moist and 
is practically nonadherent If it does tend to 
adhere, moistening causes almost complete dis- 
solution of its fibers Pam and damage to 
tender epithelial strands can be prevented if this 
type of dressing is used on burns 

Foi badly infected lesions irrigations with a 
saturated solution of sulfanilamide are alter- 
nated with chloroazodin solution Once or twice 
a day a solution of 1 per cent acetic acid is 
introduced to control any infection with Bacillus 
pyocyaneus But the most important feature of 
the preparation of the area foi grafting of skin 
is the application day and night of wet pressure 
diessmgs which are nevei allowed to dry 3 

PENETRATING WOUNDS Or THE CHEST 

Most penetiatmg wounds of the chest pro- 
duced a hemothorax oi hemopneumothorax 
These complications were usually mild and soon 
cleared up spontaneously, especially when the 

2 Callahan, G B Burns Treated bj Cod Lncr 
Oil Treatment — Paper Tissue Dressing, Mil Surgeon 
92 439 (April) 1943 

3 Full details of the routine used bj the Burn 
Service under the direction of Lieutenant H R Yan- 
dcll arc pending publication in the D S Xaval Medical 
Bulletin for \pril 1944 


wound was inflicted by the small caliber Japanese 
bullets The incidence of empyema m these cases 
was low’ 

Empyema almost always developed m large 
sucking wounds of the thoracic wall produced by 
shell fiagments The foreign bodies rarely 
lodged in the pleural cavity or lungs but usually 
either penetrated both walls of the thorax or 
after traversing the pleural cavity came to rest 
in the opposite thoracic v'all 

Hemothorax was treated conservative^ The 
patients w’ere confined to their beds, and sulfa- 
thiazole was given by mouth The blood w as not 
aspirated unless ( 1 ) the patient became dyspneic, 
or (2) persistent, steadily rising tempeiature and 
evidence of sepsis indicated the development of 
infection 

The incidence of empyema was low’ (piobably 
not over 10 per cent) There were no fatalities 
from empyema although the entire pleural cavity 
was usually involved The average patient with 
a large hemothorax may have a temperatuie as 
high as 103 F for tw'O oi three v'eeks, suggesting 
the presence of empyema At the end of this 
time, the temperature may begin to subside spon- 
taneously and return to normal levels in four or 
five weeks Therefore eithei open oi closed 
drainage of a hemothorax should be postponed 
until repeated cultures of fluid aspirated from the 
chest have indisputably proved the presence of 
infection 

In empyemas resulting from wounds the fluid 
does not contain as much fibrin as in postpneu- 
monic empyemas, nor does the pleura or fluid 
thicken as rapidly Therefore the fluid may be 
aspirated for a considerable length of time after 
infection develops We did this in several 
instances and did not observe infection of the 
w all of the chest It was my impression that by 
emptying the infected pleural cavit) each day 
w’lthout introducing air it might have been possi- 
ble to have decreased the size of the cavitv w hich 
lesulted when open drainage w’as finalh estab- 
lished When this can be accomplished conva- 
lescence wall be shortened unquestionabh 

PENETRATING WOUNDS Or THE ABDOMEN 

As a result of conditions of combat few pa- 
tients with abdominal w’ounds were seen at the 
base hospitals Operations to repair injuries ot 
the bowel usually were done a number of hours 
after injun and it was surprising that am of 
the patients sunned In most instances incisions 
had been closed with catgut, and almost without 
e' ception these w ounds had become infected and 
usualh had disrupted I believe that better 
lesults would have been obtained if the wounds 
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had been dosed with nonabsorbable sutuie ma- 
terial 01 had been packed open 

Most of the fistulas of the small intestine closed 
spontaneously The same was tiue of a biliaiy 
fistula, piesumably arising from the gallbladder 
Frequently, injured segments of the colon had 
wisely been exteriorued, or a proximal colos- 
tomj had been pei formed In these cases it was 
a simple mattei to close and leplacc the colon 

INJURIES TO ARTPRirS 

Secondly Hcmoii hage — Bleeding maj occui 
into a cast with no external evidence of hemor- 
lhage except shock As the patient himself is 
often unaw ai e of the bleeding, this complication 
' ust always be suspected when a patient with 

cast suddenly exhibits symptoms of shock 

Ligation of a vessel as large as the femoial 
artery when conducted m an infected field is 
usually doomed to failuie After thicc or fom 
days the ligaluie is tin own oft the aiteiy and the 
bleeding lecuis Whenevei possible the vessel 
should be ligated thiough a separate incision m 
a clean field As a rule packing does not control 
hemorrhage from a large vessel for more than a 
few hours 

On several occasions we were surpused to find 
that bleeding from the infected wound persisted 
or lecurred after pioximal ligation of the mam 
vessel through a separate clean incision In these 
cases the distal end of the mam vessel was bleed- 
ing by means of collateral anastomosis Because 
the pressuie in the distal end of the vessel is so 
low, simple ligation of the distal stump m the 
infected field peimanently controls the bleeding 

Communicating Artenal Hematoma (Pulsat- 
ing Hematoma) — When the wall of a vessel is 
not completely seveied by a small projectile but 
has an opening m one side which is held open 
by elasticity of the vessel, blood escapes into the 
tissues Clots block the wound of entrj, and 
a pulsating hematoma is formed The wound of 
entry soon heals over, and a hematoma remains 
which communicates with the aitery Clinically, 
this manifests itself by a tense, fluctuating mass 
which has an expansile pulsation if located supei - 
facially and over which a systolic bruit fre- 
quently can be heard It is differentiated fiom 
an aitenovenous aneurysm by a bruit which is 
audible only in the systolic phase and by the 
absence of circulatory signs attending an arterio- 
venous fistula Occasionally, when the hema- 
toma is located deep under the muscles and 
fascia and when the opening m the vessel is 
small, there is no bruit or palpable pulsation, 
the diagnosis is established by inserting a needle 
and obtaining bright red aiterial blood 


The hematoma is under full artenal pressure 
and gradually enlarges until it ruptures spon- 
taneously through the skin, usually at the site of 
the wound of entrj The defect must be re- 
pancd before a severe secondary hemorrhage 
occurs The treatment of choice is ligation of 
the vessel above and below the point of mjurv, 
division of the artery and ligation of its accom- 
panying vein Since it is often impossible to 
apply a tourniquet proximal to the lesion, it 
maj be nccessarj to control bleeding by placing 
a tape around the vessel through a separate 
incision In tins event it is desirable also to 
place a tourniquet distal to the wound in order 
to control bleeding from the distal end of the 
v cssel 

1 he sacs of the false aneurysms are not ex- 
cised, but are merely sprinkled with sulfanil- 
amide powder and then obliterated by very light 
piesstnc The wounds heal promptly without 
infection or secondary hemorrhage 

Reconstruction of a vessel is rarely desirable 
since thrombosis oi development of a true 
aneurjsm frequently occuis We had occasion 
to ligate the common carotid artery, the femoral 
the subclavian and the axillary, and on two 
occasions both the femoral and profunda arteries 
without observing serious impairment of the 
circulation 

Circulatoiv Distuibances Following Injuty <?/ 
Blood Vessels — Damage to the great vessels 
even m young people, may cause gangrene of 
the extremity, but m our experience this compli- 
cation occurs onl) ( 1 ) w hen the wound is large 
and w hen much muscle and man) collateral v es- 
sels are destrojed (2) when severe infection 
and swelling interfere with collateial circulation 
oi (3) when the mjuied artery is the popliteal 
Since most communicating artenal hematomas 
are caused by small projectiles and since few 
are infected, maintenance of adequate circulation 
is not often a serious problem 

Impending circulator)' gangrene of an ex- 
tremity, resulting from extensive destiuction ot 
soft tissues and blood vessels, can be satisiactorilv 
treated for several weeks by conservative means, 
if facilities are available foi refrigerating the 
gangrenous extremity During this time col- 
lateral circulation develops (aided, if desired, by 
injection of procaine hydrochloride mto the 
sympathetic nerves and by the oral admimstia- 
tion of alcohol), and the line of demarcation 
which then develops is often considerably lower 
than was initially expected By keeping the 
gangrenous portion cool, infection can be re- 
tarded or prevented until collateral circulation 
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of the uable poition permits good healing aftei 
amputation The gangrenous portion must be 
examined frequently for signs of infection 

A? teiiovcnous Fistula — Repair of an arterio- 
venous fistula is not an emergency procedure 
Unlike communicating aitenal hematomas in 
which the sac expands under tension of full 
arterial piessuie, the blood in an arteriovenous 
fistula is utidei low pressuie and hence the 
aneurysm does not tend to rupture externally 
The piessuie is shunted off into the veins, and 
the only dangeis aie chronic circulatoiy dis- 
tui bailees in the extremity and overburdening of 
the myocardium 

Since blood pressuie in the extienuty is low 
as a lesult of deflection of artenal blood into 
venous channels, collateral circulation soon de- 
velops Although 'most aneuiysms could be cor- 
lected immediately by quadruple ligation of the 
vessels, it is wise to wait two 01 thiee months 
until collateral circulation has developed beyond 
the point of slightest question 

GAS GANGRENE AND TETANUS 

Tetanus, to my knowledge, did not occui in 
the South Pacific aiea The absence of tetanus 
can be explained by the fact that all men engaged 
were actively immunized with tetanus toxoid, 
and booster doses of toxoid w r ere always given as 
soon as a w ound was incurred 

Gas gangrene was not common During the 
first six months we encountered no cases of gas 
gangrene, and in all only 15 or 20 patients pioved 
to ha\e such a condition were admitted to the 
hospital Since some amputations w'ere per- 
formed for suspected gas gangrene in fonvaid 
aieas a statistical analysis of its incidence w r as 
impossible 

It was intei estmg that the incidence of gas 
gangiene w'as so low, because little gas gan- 
grene antitoxin was used prophylactically in 
the fiist six months, and few of the w'ounds were 
ladically debrided Fiom this it should not be 
mferi ed that debridement and prophylactic doses 
of gas gangrene antitoxin are not of value 
Repoits from other areas often indicate that the 
opposite is true It is likely that the clean 
enwronment of ships and the lack of cultivation 
of the soil had as much to do wuth the low' inci- 
dence of gas gangrene as did any therapeutic 
measuies But in connection with the pio- 
pln lactic value of excision of wounds or radical 
debndement it is interesting to note that Major 
MacLennan of the Butish Army, repoits the 
incubation period of infections due to Clostridium 
vclchu — lrom time of injun until de\elopment 
ot clinical swnptoms of infection — to a an from 
se\en hours to three and one-half da\s with an 


average of twenty-three hours 4 Accoidingly, 
one would scarce!}' expect wound excision, per- 
foimed twenty-four hours oi more after the 
w ound is sustained, to effect any striking diminu- 
lion m the incidence of gas bacillus infection 

Gas bacillus infection may vaiy m severitv 
fiom (1) a very nnld type, slow to develop 
slow' to spread, and easily controlled by lemoving 
the involved muscle bundles and affording ade- 
quate drainage, to (2) a fulminating variet), 
initiated by profound systemic symptoms and 
progressing, despite tieatment, to piompt and 
ceitain death Appioximately one fourth of oui 
cases w'ere m the lattei category 

In fulminating gas gangiene systemic signs 
may overshadow the local manifestations of the 
infection Often the gas is not palpable in the 
tissues, and the odor is not detectable Instead 
manifestations of shock fiist call attention to the 
senousness of the patient’s condition 

Shock develops because of diminution in blood 
volume In fulminating gas gangiene infection 
enoimous amounts of fluid are lost into the tis- 
sues in the production of edema, and laige 
quantities of seiosanguineous fluid pour fiom 
the w'ound When a wound begins to bulge 
and pour out seium, gas gangrene must ahvays 
be suspected, as these are usually the initial 
signs The presence of crepitus oi of gas com- 
ing from the w'ound may be found only in the 
terminal stages 

As soon as gas gangiene is suspected, smeais 
should be made If chaiactenstic bacilli are 
found, laige quantities of polyvalent antiserum 
should be given without delay After a corneal 
test for hypersensitivity, the seium should be 
given intramuscularly — some of it around the 
wound — in doses up to 100,000 units within four 
or five hours In our experience the intravenous 
administration of the seium produced severe 
leactions and w r as discontinued 

Gas bacilli grow' in dead tissue and produce a 
toxm that kills adjacent lmng tissue, they then 
spread to recentlv killed tissue, again forming 
toxin, and progressively invoke more and more 
of the bod} Since sulfonamide compounds hav e 
only a slightly inhibiting influence on the organ- 
isms, and since the drugs are blood borne and 
hence do not reach the areas of dead tissue m 
which the organisms are growing, not much 
leliance can be placed on their use Roentgen 
theiap} m our experience is of little or no -value 
The onl} hope is (1) to remove or dram the 
focus of infection and (2) to raise the antitoxin 

4 MacLennan J D Anaerobic Iniectioa= oi AVar 
\\ ounds m Middle East Lancet (a) 2 63 Oak 1”) 
(/•) 94 (Tuh 24) fi) 123 (Juh 31) 1943 
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iv-els high enough to neutralize the toxins and 
prevent them from killing more tissue 

Organisms other than the gas bacillus can pio- 
duce necrotizing infections of the muscle Major 
MacLennan reported 8 cases of an anaerobic 
streptococcic infection of the muscle, which re- 
sulted in gangrene of the involved tissues ,<l In 
a case that we observed several entire muscles 
of the foiearm became gangrenous and were dis- 
charged from the wound Cultures failed to 
grow the gas bacillus, and smears showed a 
predominance of stieptococci In such cases 
and also in cases in which air is blown into the 
tissues, gas bacillus infection may be erroneously 
suspected and amputation umvisclj r performed 

TROPIC \L DISEASES 

Tiopical UIccjs — The causation of tropical 
u’cers is not known Following insignificant 
trauma, such as scratching a shin, bruising an 
ankle 01 an insect bite, a small ulcer develops 
These ulcers become chronic and continue to 
enlarge m spite of seemingly adequate therapy 
Even when treated intensively with bed rest, 
sulfonamide compounds and pressure dressings 
they often will stubbornly refuse to heal until 
the patient is evacuated from the tropics Cul- 
tures taken after several weeks fail to leveal any 
specific organisms in the ulcer 

The majority of the ulcers w'eie on the lowei 
leg, usually over the tibia Most of them had 
been present for two or three months, their bases 
were filled with edematous granulations and the 
epithelium was completely indolent, showing no 
tendency to grow over the surface of the ulcer 
The ulcers varied from 1 to 10 cm m diametei, 
the majority measuring from 2 to 3 cm Even 
m the temperate climate of New Zealand and 
when the patients were treated with rest m bed, 
sulfonamide drugs, chloroazodin solution and 
pressure dressings healing was apt to be remark- 
ably slow For this reason surgical measures 
was the treatment of choice m these cases 
The epithelium of an ulcer which heals spon- 
taneously over a period of months is paper thin 
and is apt to break down under the slightest 
tiauma This is particularly true when the ulcer 
ib over the tibia, a site having a poor blood 
supply and vulnerable to trauma For this 
reason, and because of the time required for 
these lesions to heal spontaneously, the ulcer is 
excised and the defect is either closed or covered 
with a skm graft When the ulcer is over the 
tibia and is too large to excise and close, a flap 
from the lateral surface of the leg can be swung 


ovei it, and the aiea horn which the flap was 
taken can be grafted at the same time A good 
base is thus afforded for the graft, and a good 
covering of skin and subcutaneous tissue is 
swung over the tibia In lesions of the lateral 
parts of the leg subcutaneous tissue is usually 
sufficient to allow excision of the ulcer and 
immediate application of split-thickness skm 
giafts 

SUM MART 

No striking benefit is to be expected from 
radical debridement or excision of the wound 
w hen it cannot be done m the first few hours 

Wounds debrided and closed eight hours or 
more after they are sustained almost invariably 
become infected and break down 

Long skin flaps should be Jeft when amputa- 
tions are performed, especially on patients who 
are to be evacuated and on whom adequate skm 
traction cannot be maintained 

Infection is tieated by the use ot sulfonamide 
compounds and chloroazodin, rev isioii of the 
wound is performed and the infected part is 
immobilized 

Early secondary closure is desirable, and the 
technic outlined may be used for accomplishing 
this 

The presence of metallic loreign bodies usually 
does not interfere with healing, when a draining 
sinus persists, the foreign bodv is easilv removed 
through the sinus 

The results of treatment of burns with tannic 
acid are not as good as those obtained from the 
use of sulfonamide ointments and pressure 
dressings 

Infected burns should be pi epared for grafting 
of skm as discussed, and wet dressings, sulf- 
anilamide powder, chloioazodin and pressure 
dressings should be used 

Hemothorax usually' absorbs spontaneously 
with no treatment othei than with the sulfon- 
amide preparations and bed rest 

Communicating arterial hematomas ai e treated 
by prompt ligation and division of the injured 
artery Circulatory' gangrene rarely' follows 
ligation of the great vessels, unless collateral 
circulation has been destroy ed or sevei e infection 
has occurred 

The incidence of gas gangrene is low, but 
approximately one fourth of the cases aie of the 
fulminating type Early suigical treatment and 
the prompt use of large doses of antiserum is the 
treatment of choice 

Early excision and closuie of tropical ulcers 
is desirable 
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In shock lesultmg fiom hemoirhage, trauma 
or burns, therapy with intravenous injection of 
fluid is well established as decidedly beneficial 
Numerous investigations deal with the value of 
blood and various blood substitutes in shock 
This is paitly owing to the desne to find a 
blood substitute which is highly efficient, readily 
available, relatively inexpensive and completely 
safe Plasma or serum fulfils all lequirements 
except that it is costly In addition, to bring 
it to a leadily available form, a vast amount of 
vvotk is lequned The great value of plasma 
outweighs these objections during emergencies 
such as the present war In peacetime, these 
difficulties have considerable practical impor- 
tance 

Although the use of blood substitutes in the 
tieatment of shock has been widely studied, the 
lesults have often been conflicting In such 
cncumstances, further work is indicated, with 
attempts to conti ol 01 standaidize procedures 
more effectively The present report is con- 
cerned with a comparison of lesults obtained 
with a number of well known blood substitutes 
tested in a relatively puie foim of traumatic 
shock 

METHOD 

Although our procedure for applying venous tourni- 
quets was published previously, 1 the method may be 
levievved briefly Dogs weighing 12 Kg or more were 
used They were kept in air-conditioned quarters for 
at least one week prior to their use The procedure 
and recover} took place under the same environmental 
conditions Free access to water was allowed the ani- 
mals preceding and following the experiment The dogs 
were usualh staned for at least eighteen hours before 
the tourniquets w'ere applied A dose of 25 mg per 
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kilogram of seconal sodium (sodium 5-all> 1-5 ( 1 metlivl- 
butyl) barbiturate) was given intraperitoneally for 
anesthesia Thereafter, throughout the period of appli- 
cation of the tourniquets, one-tenth the anesthetic dose 
was injected intraperitoneally as necessary to maintain 
light anesthesia This resulted in no deaths from the 
anesthetic, which agrees with the observations of Mjlon 
and his associates 2 for pentobarbital Mean blood 
pressure was recorded in the carotid artery by cannula 
and mercury manometer, clean but not entirely aseptic 
technic being used Then a pneumatic venous tourni- 
quet w'as wrapped snugly around each thigh just below 
Poupart’s ligament The tourniquets w’ere inflated to 
equal the mean pressure in the carotid artery Subse- 
quently, whenever the blood pressure changed the 
tourniquet pressure w'as readjusted Thus, they never 
became arterial tourniquets When a shock index 3 
of 120 was attained, the tourniquets were removed All 
untreated animals died The dogs apparent!} were all 
at the same level of shock at the time the tourniquets 
were removed Furthermore, this appeared to be rela- 
tively early shock A group of 103 dogs was carried 
to this level In an additional series of 21 animals 
a shock index of 180 was used This was a more 
severe degree of shock than the former 

Following release of the tourniquets, infusion of a 
blood substitute into the femoral veins was started 
immediately The volume administered was the amount 
calculated to cause the blood volume to return to the 
original value This was determined with hematocrits 
just prior to application of the tourniquets and again 
when they were removed On a basis of bod} weight, 
however, the various groups of animals all received 
approximate!} the same volume of fluid The blood 
substitute was infused at a moderate speed — thirt} to 
sixt} minutes being required to complete the infusion 
The carotid artery was then ligated, the cannula re- 
moved, and the wound in the neck sutured If the 
animal survived for fortv -eight hours, it was considered 
to have recovered from shock Most of the dogs 
which lived for two da}s made complete recoveries, 
although a few animals died from such secondarv 
causes as infection 

The blood substitutes tested were dog plasma, iso- 
tonic saline solution and solutions of gelatin, pectin 
and pohvinvl alcohol In the citrate series, fresh 
plasma from individual dogs was given to one-hall 

2 Mvlon, E , \\ mtermt7 M C, and de Suto Xagv 
G T Studies on Therapv m Traumatic Shock Am J 
Phvsiol 139 313 (Tune) 3943 


Duration ol tourniquet 


Shock index = 


Blood pressure fall (5c) x application (minute-.) 

Mean blood pressure at time ot removal ol tourniquets 
(mm Hg) 
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the gioup, while the remainder received plasma pooled 
from 10 animals Heparinized plasma was also un- 
pooled, but freshly prepared Gelatin U S P was 
used as a 7 per cent solution in 0 75 per cent sodium 
chloride and 0 25 per cent sodium bicarbonate Pure 
citrus pectin N F in 3 per cent concentration m isotonic 
saline solution was autoclaved according to the procedure 
of Bryant, Palmer and Joseph 4 Polyvinvl alcohol \\ as 
dissolved m Ringer-Locke solution, concentrations of 
both 3 and 6 per cent being tested This solution 
was sterilized by passage through a Seitz filter The 
polyvinyl alcohol was obtained from Dr N W Roome, 
of Toronto, Canada, who had used it with success in 
treatment of hemorrhage in dogs Except for pectin 
and polyvinyl alcohol, the solutions were not prepared 
with sterile technic It is common experience that dogs 
withstand intravenous infusions of clean but unsterde 
solutions without development of septicemia 

RESULTS 

A total of 12 4 dogs was tested, 15 of which 
teceived no treatment to setve as controls 
These 15 animals died The effects with the 
various blood substitutes m early shock ai e 
shown in table 1 It was readily apparent that 
the results were the same with citrated plasma, 
heparinized plasma, isotonic saline solution, 
gelatin, and 6 per cent polyvinyl alcohol In 
our experiments, unpooled citiated plasma 
caused lecoveiy of 5 of the 10 dogs treated 
Six of 10 animals suivived following treatment 
with pooled citrated plasma Consequently, the 
latter proved no bettei in this small senes 
Heparinized plasma was not more effective than 
the citiated, in contrast to the work of Ivy 
and others “ This was pi obably owing to dif- 


Table 1 — Compai ain't Effectiveness of Blood 
Substitutes in Rally Stage of Shock 
in Do<f; 


Blood Substitute 

Total 

R umber 
of 

Dogs 

Num 

her 

Lived 

Rum 

her 

Died 

Average 
Volume 
Transfused 
Cc per Kb 

INone 

15 

0 

15 

0 

Oitrated dog plasma 

20 

11 

9 

25 7 

Isotonic solution of so 
dium chloride 

20 

10 

10 

24 3 

Heparinized dog plasma 

10 

6 

4 

23 1 

Gelatin, 7% 

10 

5 

j 

23 2 

Pectin, 3% 

10 

7 

3 

23 G 

Polyvinyl alcohol, 3% 

10 

3 

7 

25 7 

Polyvinyl alcohol, 6% 

8 

4 

4 

24 4 

Chi square = 3 62G 


p = 

71% 


ference of infusion lates In our experiments, 
citrated plasma was given slowly enough to 
allow the citrate to be metabolized and pre- 

4 Bryant, E F , Palmer, G H , and Joseph, G H 
Nonaccumulation of Pectin Intravenously Injected into 
Rabbits, Proc Soc Exper Biol & Med 49 279 (Feb ) 
1942 

5 Ivy, A C , Greengard, H , Stein, I F, Ji , 
Grodins, F S , and Dutton, D F The Effect of 
Various Blood Substitutes m Resuscitation After an 
Otherwise Fatal Hemorrhage, Surg , Gj nec & Obst 
76 85 (Jan) 1943 


% ent death from calcium deficiency 0 Two dogs 
died while leceivmg plasma and before com- 
pletion of the infusions One animal leceived 
heparinized plasma, while citrated pooled plasma 
was given to the other dog The results in 
these 2 animals were excluded In all other 
animals, a well sustained elevation ot blood 


Table 2 — Comparison of Effectiveness of Plasma and 
of Saline Solution m Later Stage of Shock 
in Dogs 



Total 

R umber 

Rum 

Rum 

Average 

Volume 


of 

her 

her 

Infused 

Blood Substitute 

Dogs 

Lived 

Died 

Cc per Kg 

Citrated dog plasma 

10 

2 

7 

2G 7 

Isotonic solution ol 
dlum chloride 

GO 

11 

3 

8 

2o2 


pressure to approximately noimal level occurred 
in response to plasma, and no abnormal reac- 
tions were obseived 

While there was an apparent difference be- 
tween the effect of 3 per cent pectin and that of 
3 pei cent polyvinyl alcohol, statistical anal- 
ysis showed that this difference was not sig- 
nificant Consequently, under our conditions 
of experimentation, all solutions appealed to be 
equally effective Furtheimore, at this level 
of shock, the dogs had approximately a 50 per 
cent chance foi recovery legardless of what 
blood substitute was used Since the reactions 
to the solutions weie similai, it w r as interesting 
to note that the only properties which all solu- 
tions had m common w r ere the volume ot water 
and the amount of salt they contained The 
colloidal material did not increase the thera- 
peutic value of the blood substitute 

The question natuially arose as to whethei 
plasma might prove more effective than saline 
solution at deeper levels ot shock The series 
of animals carried to a shock index of ISO 
piovided at least a paitial answer Of 11 dogs 
tieated with saline solution, 3 recoveied com- 
pletely, while 3 of 10 animals given citrated 
dog plasma lived As shown m table 2, again 
there was no demonstrable difference m the 
therapeutic value of these two blood substitutes 

COMMENT 

These results aie opposed to those of most 
investigators who have tested blood substitutes 

6 (a) Sabbatam, L Action antagomste entre le 
citrate trisodique et le calcium, Arch ital de biol 
36 416, 1901-1902 (6) Muirhead, E E , ICregel, L A , 

and Hill, J M Freezing Shock Concentrated Plasma 
and Serum Therapy With and Without Amputation of 
the Damaged Extremity Arch Surg 47 258 (Sept) 
1943 ( c ) Bruneau, J , and Graham, E A A Caution 

Against Too Liberal Use of Citrated Blood in Transfu- 
sions, ibid 47 319 (Oct ) 1943 
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in treatment of shock A review of the liter - 
atuie is not the purpose of this work Further- 
more, the excellent reviews of the subject by 
Scudder , 7 Harkins , 8 Mudd and Thalhimer 0 and 
Moon 10 are moi e than adequate The evidence 
is practically overwhelming that plasma is moie 
effective than saline solution in treating eithci 
acute hemorrhage oi posthemorrhagic shock 
In traumatic shock, particularly that type in 
which the fluid lost from the circulation is 
mainly pure plasma, compai isons of efficiency 
of blood substitutes have not yielded cleanctlt 
lesults m most instances The experimental 
piocedures used by most woikers to produce 
shock have usually caused death of all animals 
regardless of what blood substitute was given 
The comparison of therapeutic value has then 
tested on which blood substitute would main- 
tain an elevation of the blood pressuie for a 
longei period Howevei , this did not neceS- 
sanly prove that one solution was more effective 
than anothei In terminal stages of tourniquet 
shock m lats, Allen 11 demonstrated that plasma 
or whole blood, but not saline solution, would 
levive the animals, although death subsequently 
resulted from shock In ceitain eailiei stages 
of shock, saline solution saved the lives of rats 
when plasma oi whole blood failed Until 
fuither knowledge is gained about shock, it ap- 
pears to us that the one best cutenon of thera- 
peutic effectiveness is pievention of death 
One stiong aigument against the use of iso- 
tonic saline solution is the fact that it leaves the 
circulation rapidly and tends to wash some of the 
plasma proteins along with it, as reported by 
Beard, Blalock and otheis 12 Isotonic saline 

7 Scudder, J Shock Blood Studies as a Guide to 
1 lierapy, Philadelphia, J B Lippincott Company, 1940 

8 Harkins, H N Recent Advances in the Stud's 
and Management of Traumatic Shock, Surgery 9 231 
(Teb), 447 (March), 607 (April) 1941 

9 Mudd, S , and Thalhimer, W Blood Substitutes 
and Blood Transfusion, Springfield, 111 , Charles C 
Thomas, Publisher, 1942 

10 Moon V H Shock Its Dynamics, Occurrence 
and Management, Philadelphia, Lea <S_ Febiger, 1942 

11 Allen, F M Plvssical and Toxic Factors in 
Shock, Arch Surg 38 155 (Jan ) 1939 

12 (o) Beard, J W, and Blalock, A Intravenous 

Injections A Studs of the Composition of the Blood 
During Continuous Trauma to the Intestines When No 
1 hud Is Injected and When Fluid Is Injected Con- 
tinuousls, T Clin Imestigation 11 249 (March) 1932 
(b) Blalock, A , Beard, J W , and Thuss, C Intra- 
\ enous Injections k Studj of the Effects on the 
Composition of the Blood of the Injection of Various 
Fluids mto Dogs with Normal and with Low Blo&d 
Pressures, ibid 11 267 (March) 1032 (r) Beard 

1 \\ , Wilson, H V emstcin, B M , and Blalock, A 

\ 'stude ot the Effects ot Hemorrhage, Trauma, Hista- 
mine and Spinal \ncethesia on the Composition ot the 
Blood V hen \o 1 luuK \rc Injected and V hen riuid-- 


solution increases the blood -volume foi only a 
short period even m normal animals Conse- 
quently, if restoration of circulating blood 
volume is the prime factoi in ti eating shock, the 
effect of saline solution would be only evanescent 
Howevei, Rosenthal , 13 using mice, recently 
showed that saline solution was more effective 
than serum m ti eating shock from both burns 
and tourniquets Furthermore, the theiapeutic 
value of serum was not changed following re- 
moval of all its pioteins The entire theoiy of 
treatment of shock by colloidal solutions has 
been questioned by Allen , 14 who, in vanous types 
of shock, infused such laige volumes ot saline 
solution (one-fourth to one-half the body 
weight) that marked generalized edema oc- 
curred Recovery from otherwise fatal shock was 
effected in these dogs Katz, Friedberg and 
Asher lj likewise have obtained excellent results 
with saline solution in early treatment of shock 
caused by venous occlusion of the hindlegs of 
dogs These findings tend to cast doubt on the 
concept that the fluid administered must stay in 
the blood vessels if it is to be effective in treating 
all types of shock 

The compai ison of oui results with those of 
others is obviously difficult because of difteience 
of experimental conditions In addition there 
is no intention to infer that similar results vv ould 
hold true in thei apy of traumatic shock in human 
beings Clinicians generally seem well agieed 
that plasma is moie effective than saline solu- 
tion m all kinds of shock It is interesting to 
note, howevei, the decidedly beneficial results 

*\re Introduced Intravenoush, ibid 11 291 (March) 
1932 (d) Blalock, 4. , and Beard, J W The Effects 

on the Composition of the Blood of the Subcutaneous 
Injection of Normal Salt Solution into Normal Dogs 
and into Dogs Subjected to Intestinal Trauma, Graded 
Hemorrhages and Histamine Injection, ibid 11 311 
(March) 1932 (r) Beard, J W Wilson, H , and 

Blalock, A Effects on Composition of Blood of 
Phjsiologic Solution of Sodium Chloride When Intro- 
duced by Intrapentoneal Injection and b\ Stomach 
Tube in the Presence of Low Blood Pressure, \rch 
Surg 26 122 (Jan) 1933 

13 Rosenthal, S M (a) Experimental Chemothcr- 

apj of Burns and Shock III Effects oi S'stemic 
Therape on Earlv Mortality Pub Health Rep 58 513 
(March 26) 1943 (b) IV Production of Traumatic 

Shock m Mice, ibid 58 1429 (Sept 24) 1943 (c) \ 
Therap\ with Mouse Serum and Sodium Salts, ibid 
58 1432 (Sept 24) 1943 

14 -Mien, T M Theon and Therapi oi Shr-cl 
Varied Tluid Injections, Am T Surg 62 SO (Oct ) 
1943 

15 Katz, L \ Friedberg L mid V ’e- R 
Efhcace of Isotonic Sodium Chloride and Glue • c So'u 
tions in Precentmg Shock Following Venous O on 
oi a Limb m tie Dig 4m I Ph-wo! 140 < : 'Oct ) 
1943 
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of isotonic sodium lactate used orally to treat 35 
severely burned patients (Fox 10 ) Further- 
moie, lecent investigations tend to agree that 
iso-osmotic serum is moie effective theiapeuti- 
cally than concentrated serum m shock from both 
hums 13 and hemorihage 17 On theoretic 
giounds, concentrated seium should he at least 
as efficient because of its grcatei colloidal con- 
tent Howevei, this laiscs the question of how 
much water may he safely removed from the 
extracellular and inti acellular fluid MacFee 
and Baldridge 18 believed that dehydration was 
an extremely influential factoi contributing to 
shock They lecommended large volumes of 
saline solution foi ti eating shock and condemned 
acacia on the basis that it holds water in the 
blood vessels Wanen, Merrill and Stead, 10 
in a recent study, showed that the quantity and 
pressure of the extracellular fluid were lmpoi- 
tant in detei mining the si7e of the plasma 
volume A maiked deciease m plasma protein 
was compensated by a marked mcieasc of extia- 
cellular fluid piessure 

16 Rosenthal, iac p 1435 

17 (a) Levinson, S O , Weston, R E , Janota, M , 
and Necheles, H The Effects of Concentrated Serum 
in Contrast to Iso-Osmotic Plasma upon Normal 
and Dehydrated Dogs m Shock, Surgery 12 878 (Dec ) 

1942 (b) Necheles, H , Levinson, S 0 , Janota, M , 
Weston, R E, and Weissman, V Studies on the 
Therapy of Hemorrhagic Shock I The Effects of 
Iso-Osmotic and Concentrated Serum and Plasma m 
Normal Dogs, Surg , Gynec & Obst 77 337 (Oct ) 

1943 (c) Levinson, S O , Janota, M , Weston, R E , 
and Necheles, H Studies on the Therapy of Henior- 
lhagic Shock II The Effects of Iso-Osmotic and of 
Concentrated Serum and Plasma in Delivdrated Dogs, 
ibid 77 475 (Nov ) 1943 

18 MacFee, W F, and Baldridge, R R (a) Post- 
Operative Shock and Shock -Like Conditions Treat 
ment by Infusion in Large Volume, Ann Surg 91 329 
(March) 1930, (6) Physiological Considerations Re- 
lated to the Infusion Treatment of Shock, ibid 100 
266 (Aug) 1934 

19 Warren, J V , Merrill, A J , and Stead, E A , 
Jr The Role of the Extracellular Fluid in the Main- 
tenance of a Normal Plasma Volume, J Clin Investi- 
gation 22 635 (Sept ) 1943 


The exact action of isotonic saline solution in 
combating shock in our experiments was not 
determined There has been some speculation 
by authors lecently, based on known actions of 
sodium chloride Rosenthal 33 demonstrated 
conclusively in his animals that the thera- 
peutic action was due entirely to the sodium ion 
In addition, the efficiency of sodium was de- 
creased or neutiahzed by potassium Other 
possibilities exist such as the dilator action of 
sodium chloride on blood vessels 20 However, 
no proof of the exact mode of action of isotonic 
solution m shock has yet been presented 

SUMMARY 

The comparative therapeutic values of a num- 
ber of blood substitutes were studied in venous 
tourniquet shock of dogs The procedure Mas 
conti ollable, so that each animal was carried to 
a predetermined level of shock before therapy 
was instituted One series of animals was 
studied m early shock and a second series m 
shock of more severe degree Untreated animals 
always died The blood substitutes tested u'ere 
citrated dog plasma, heparinized dog plasma, 
saline solutions of gelatin, pectin and polyunyl 
alcohol , and isotonic saline solution All of these 
solutions were tested m early shock In the 
moie severe shock, citrated dog plasma and 
isotonic saline solutions alone were compared 
In both series, no difference in effectiveness 
could be demonstrated between any of these 
solutions It appeared that in this type of shock 
water or sodium chloride or a combination of the 
two was the effective therapeutic agent, while 
the colloidal substances did not add to or detract 
from the value of these blood substitutes Since 
this investigation was limited to shock resulting 
from venous tourniquets in dogs, we do not imply 
that saline solution would be as effective m 
treating other varieties of shock in animals or 
in man 

20 Katz, L N , and Lindner, E The Action of 
Excess Na, Ca and K on the Coronary Vessels, Am J 
Physiol 124 155 (Oct) 1938 



GIANT NEVUS OF THE THIGH SUCCESSFULLY TREATED BY 
COMPLETE EXCISION AND PRIMARY GRAFTING 

KENNETH L PICKRELL, MD, and RICHARD C CLAY, MD* 

BALTIMORE 


Giant moles or nevi, while not a medical rarity, 
are uncommon While there is hardly any one 
who does not have several moles on his body, 
those few unfortunate persons who have large 
aieas of cutaneous surface occupied by enormous 
disfiguring nevi live under a real cosmetic handi- 
cap That such cases are not exceedingly rare 
is evidenced by the rather voluminous literature 
dealing with them The majority, however, are 
reported as medical curiosities since treatment has 
usually been beyond the scope of ordinary means 
As far as we are aware, the mole in the present 
case is the largest that has ever been excised and 
the defect closed by grafts, in either single or 
multiple stages 

Admittedly the various giant nevi reported in 
the literature have not been histologically uni- 
form Pack and Sunderland x described 4 per- 
sonal and 156 bibliographic cases of what they 
termed nevus unius lateris, the criteria for which 
were verrucous or papillary form, linear con- 
figuration, unilaterality and extensiveness These 
had been assigned thirty-nine different names in 
the literature The authors did not agree with 
the frequently stated theory that the lesions fol- 
lowed the distribution of cutaneous nerves or 
blood vessels Microscopically they found that 
the lesions showed hyperkeratosis, distortion of 
epidermis and elongation of papillae "Nevus 
cells ai e seldom, if ever, seen ” As evidence that 
the lesions are epithelial, they pointed out that 
when malignancy develops m such areas it is 
basal cell or squamous in type 

Conway 2 described 2 personal and 38 biblio- 
graphic cases of bathing trunk nevus Reuben 3 
had previously recorded 32 such cases, including 
1 of Ins own Conway pointed out that these le- 
sions, which roughly cover the lower part of the 
trunk and upper part of the thighs and have a 
brown, hairy, veriucous appearance, occasionallv 

* Harv ey Cuslnng Fellow in Surgerj 

From the Department of Surgerj, the Johns Hop- 
kins Hospital and Universitv 

1 Pack, G T , and Sunderland, D A Nevus 
Umus Lateris, Arch Surg 43 341 (Sept ) 1941 

2 Convvav, H Bathing Trunk Nevus, Surgen 
G 5S5, 1939 

3 Reuben, M S Xe\us Pigmentosus Pilosu' 
Vrch Pediat 45 364 1Q2S 


give rise to melanosarcoma As early as 1912 
Fox 4 was able to find reports of 25 of these nevi 
with bathing trunk distribution on the occasion 
of reporting a personal case There is a good 
deal of overlapping in the cases reported 

Quigley 3 reported an interesting case of bath- 
ing trunk nevus extending to the angles of the 
scapulas and almost half the length of the thighs 
Fishback’s 6 patient had a mole which covered 
the back and flanks, and he died of malignant 
melanoma with multiple metastases In Bhatava- 
deker’s " case the patient had a mole covering the 



Fig 1 — Position and extent of the nerve nevus 
Beginning in the fold of the buttock, it extends medi- 
a!lj r to involve the left side of the perineum, laterally 
and superiorly to the uppermost part ot the thigh, and 
mferiorly to the lower leg 

posterior part of the neck, the mterscapular re- 
gion, scapula and axilla Numerous other cases 
of giant moles have been described 

TRE VTAIENT 

Man) kinds of treatment of these disfiguring 
lesions have been suggested They have been 

4 Fox, H A Case oi Extensive Pigmented a^d 
Ham Nevus, T \ M A 58 1190 (April 20) 1°12 

5 Quiglev, D T A Ca=e oi Enormous P'crn<nted 
Mole, J A M A S2 2029 (Tunc 21) 1«24 

6 rollback H R Giant Pigmented Xev^ vitn 
Malignant Trannormation, Am T Cancer 40 -Ml 1 5-40 

7 Bhatavadeker D M An In cre-twer C~ cn c 
Nevus Indian M Gaz 60 470, 3°25 
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attacked with corrosives like nitric acid and 
phenol, with radium and the roentgen rays, by 
electrodesiccation, by arsenicals, with solid car- 
bon dioxide and by simple curettage The results 
have been variable, usually unsatisfactory and 
sometimes disastrous As Reid 8 pointed out, 
moles should either be completely exised or let 


Roy 0 treated a 19 year old girl who had a 
nevus of the right cheek, upper lip and nose by 
multiple stage elliptic excisions with primary 
closure until maximal tolerable tension of the 
skin was attained, and he followed this by a 
further excision from the cheek, and covered the 
defect with a "dermatoepidermic” graft from the 



Fig 2 — A close-up view of the nevus shows the many cracks and fissures, also the long hairs growing from 
the upper part The nevus measured more than 18 inches m length and 10 inches in width 


alone Unfortunately, relatively few of the le- 
sions under consideration here have been ame- 
nable to excision, the obvious difficulty being the 
closure of the extensive defect left by excision 
of so much integument 

8 Reid, M R Treatment of Pigmented Moles, 
Internat Clin 4 222, 1933 


aim He later applied a Thiersch graft to the 
defect remaining after the final excision of the 
portion on the lip Ultimately the nevus was 
excised from the nose and a single pedicle flap 

9 Roy, J N A Case of Pigmented Nevus of the 
Nose with Pigmented, Hairy, and Warty Nevus of 
the Cheek and Lip , Multiple Autoplasty , Cure, Canaa 
M A J 15 138, 1925 
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from the arm was used to cover the defect The 
cosmetic result was good 
Meyer 10 excised a large mole covering half 
the scalp and measuring 20 by 8 by IS cm and 
successfully closed the defect with a Thiersch 
graft from the thigh Figi 11 was able to remove 
a large thick “neuromole,” 25 by 22 S by 4 cm , 
from the left temporal, parietal and occipital re- 


tient was a white girl of 13 years who had a 
spotty, verrucous, pigmented mole covering part 
of the left breast, abdomen, thigh, axilla, arm and 
hand First, an mtramammary tumor was ex- 
cised after preliminary roentgen treatment, and 
later the abdominal portion was excised and the 
defect covered with Thiersch and Reverdin grafts 
A year later the portions over the chest and 



Tig 3— Postoperatne photographs showing the \anous areas (designated bj numbers) from which split 
thickness grafts were cut with the Padgett dermatome Eight “drums” of skin were required to co\er the defect 
which measured 220 square inches 


gions ot a 29 jeai old man He chose to dose 
the defect with two large full thickness grafts 
from the abdomen and thigh in order to pre- 
serve hair follicles The result was good 

Pack and Sundeiland 1 found 2 of their 4 cases 
amenable to surgical procedures The first pa- 

10 Meier, H Y\ Mnssrvc Congenital Fibronnto'cd 
Pigmented Mole of Scalp, Surgcra 1 616, 1937 

11 Fieri r A Extensile Mole of the race and 
Scalp Excision and Full Thickness Skin Graft, Proc 
Staff Meet, Ma\o Clin 16 2S0, 1941 


flank were excised by multiple elliptic excision 5 
w ith primary dosure The remainder of the le- 
sion was intermittent!} treated with roentgen 
ravs Nine acars later the patient died ot car- 
cinoma of the imohed breast following radical 
mastectom} 

The other patient was a 39 \ear old white mar 
who had a papillan, pigmented nevus of parts 
of his chest and one axilla and arm Three ex- 
cisions with pnman dosure were earned out 
two excisions were followed b\ Re\erdm craft- 
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and one by a Thiei sch graft The lesion was 
completely lemoved, but the patient died three 
years latei of an apparently unrelated epidermoid 
caicinoma of the esophagus 

We report a case in which an enormous, pig- 
mented, hair-bearing “nerve nevus” was com- 
pletely excised from the lower extremity of a 
child and the defect successfully covet ed by spht- 
thickness grafts (figs 1 and 2) 

History — A 6 year old white school bo> w as admitted 
to the Johns Hopkins Hospital on Aug 10, 1943 The 


of his clothing, large horny projections would be rubbed 
off Except at these times, the lesion caused no dis- 
comfort Because of the frequent episodes oi trauma, 
bleeding and ulceration, the child was brought to the 
hospital 

Examination — Physical examination showed a well 
dc\ eloped boy of 6 years weighing 56 pounds (254 Kg) 
and measuring 58 inches (147 3 cm ) m height Exami- 
nation revealed no abnormality except the specific lesion 
Beginning at the fold of the left buttock and extending 
medially over the left side of the perineum and laterally 
o\cr the uppermost part of the thigh, the greater part 
of the left thigh was covered by a horny, black, raised, 
hairy nevus which extended mfcnorly as far as the 



fig 4 — Close-up view of the grafted area six weeks after operation Function of the extremity was normal 
Note the reduction m size of the leg and thigh following the removal of the nevus 


child’s father is said to have had a pigmented hairy 
nevus of the buttock, but there was no other familial 
or hereditary trait At birth a rough, hairy nevus was 
seen to occupy most of the medial, lateral and posterior 
surfaces of the left thigh and upper part of the left 
lower leg The lesion grew and increased in size with 
the child’s normal growth and development, and although 
its borders remained unchanged, it grew noticeably in 
thickness, reaching almost an inch (2 5 cm ) m height 
above the surrounding skin On numerous occasions 
deep cracks or fissures developed which bled profusely 
and were prone to ulceration and infection At other 
times, because of trauma at play or from the rubbing 


middle of the lower leg The lesion measured 19 inches 
(48 26 cm ) in length and 10 inches (25 4 cm ) in width 
Numerous long black hairs grew from different parts 
of this nevus and from its circumference Many small 
cracks or fissures were present which were secondarily 
infected, and the lesion had a “foxy” odor Directly 
over the sternum there was a fiat, slightly pigmented 
mole the size of a half dollar 

Operation — On August 11, with the patient under 
ether anesthesia, the nevus was excised and grafts 
applied in one sitting The mass was excised in toto 
with more than a half inch (1 cm ) margin The nevus 
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extended into the subcutaneous tissues but did not nnade 
the fascia or muscle The size of the defect resulting 
from the excision w as 20 inches in length (SO 8 cm) 
and 11 inches (27 94 cm) in width, a total area of 220 
square inches (1,419 4 sq cm) 

The entire posterior surface of the body had been 
prepared with etliei, alcohol and potassium mercunc 
iodide, and S sheets of heavy split thickness skin weie 
cut from this donor area with the Padgett dermatome 
(fig 3) The sheets of skin were placed on the defect 
in a “patchwork” manner, and were sutured to one 


time all of the giafts appeared to be viable There 
was no gross infection The donor areas were healing 
lapidly The donor and recipient areas were dressed 
with gauze impregnated with sulfadiazine, and pressure 
dressings were applied When the dressings w'ere 
changed on the twenty-first postoperative day it W'as 
apparent that a few small areas in the donor site would 
require grafting, therefore on September 9, about 
tw entj small deep Dans grafts W'ere taken from the 
snterscapular region and anplied to the small unhealed 
donor areas on the posterior surface of the trunk 



Fig 5 — A, microscopic section of mole, low magnification, showing mole cells dispersed through dermis and 
grouped in nests Keratinized layer of epithelium is represented by amorphous mass in surface crevice B, higher 
magnification of A, showing the arrangement of the mole cells suggesting Meissner’s corpuscles 


another and to the periphery The grafts were scored 
in many areas to allow the escape of serum and blood 
Small pieces of excess skin were replaced on the donor 
sites to hasten epithelization A single layer of sulfa- 
diazine film 12 was placed directly over the donor and 
recipient areas, and snug pressure dressings were 
applied 

Postoperative Course — The original dressings W'ere 
not changed until the tenth postoperative day, at w'hich 


12 Pickrell, K L A Sulfanilamide Film for Use 
as a Surgical Dressing, Bull Johns Hopkins Hosp 
71 304, 1942 


These healed promptly, and the child w T as ready for 
discharge six weeks after operation (discharge photo- 
graph, fig 4) 

Pathologic Report — The specimen as received m the 
laboratory contained a large, hairy mole measuring 
about 19 inches in length and 10 inches m width It 
had been shrunken by fixation and rolled under at the 
edges Almost the entire area of the specimen was 
occupied by the gigantic mole, a narrow' cuff of normal 
skin surrounding it The surface of the mole was 
fissured and rough and bore numerous rather coarse 
hairs The rough material on the surface was so friable 
that particles of it came off easih when the specimen 
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was handled The thickness of the excised tissue aver- 
aged 2 cm , and the under surface showed grossly 
normal subcutaneous tissue 

Microscopically, the most striking feature was the 
thick, superficial layer of amorphous material corre- 
sponding to the friable layer of the gross specimen 
Beneath this there was an intact thin layer of squamous 
epithelium whose basal >ayer, especially, contained 
brown, granular melanin pigment The entire epithelial 
surface was thrown up into tall, irregular, papillary 
projections The dermis was rather loose m texture 
with a fibrillary appearance and contained both hair 
follicles and sweat glands Distributed throughout the 
dermis were numerous mole cells which m the deeper 
layers were loosely scattered and in places aggregated 
to resemble Meissner's corpuscles The mole cells were 
more compactly arranged in dense nests between the 
epithelial papillae and here contained some brow'ti 
melanin There was no suggestion of malignancy or 
invasncncss of either the epithelium or the mole cells 

The pathologic diagnosis was benign pigmented mel- 
anoma of nerve-nevus type Photomicrographs of the 
specimen at high and low power appear in figure 5 

COMMENT 

A review of the literature shows that most nevi 
either are present at birth oi appear during the 
first year of life They usually increase m size 
with the growth and development of the child 
Of the reported cases, all occurred in the white 
race with two exceptions, one in a Filipino 13 
and one in a Negro 11 Most authorities do not 
believe that heredity is a prominent factor, al- 
though in our case the patient’s father also had a 
pigmented nevus of the buttock While many of 
the nevi in the published cases showed striking 
pigmentation, on histologic section there was 
rarely increased pigmentation of the basal epi- 
thelial layer Our case showed moderately large 
amounts of granular pigmentation in the basal 
layer In addition, mole cells were scattered 

13 Hasselmann, C M Naevus Pigmentosus Ver- 
rucosus Umlateralis Zostenformis The First Case m 
a Filipino, Jap J Dermat & Urol 35 63, 1934, ab- 
stracted, Arch Dermat & Syph 31 398 (March) 1935 

14 Lmdenheim, H Zur Kenntnis der systematisierten 
Naevi, Dermat Ztschr 24 144, 1917 


through the dermis and in the deeper layers were 
compactly arranged in dense nests between the 
epithelial papillae, as shown in the photomi- 
crograph (fig 5) 

In the reported cases no method of treatment 
except surgical excision with primary closure or 
grafting of skm was of lasting benefit Lesions 
of the trunk were most frequently transverse and 
those of the extremities longitudinal In many 
patients, as in our own, there was a segmental 
distribution which at first glance seemed to coin- 
cide with nerve distribution , but on close exam- 
ination in the reported cases this relationship was 
not ahvays observed 

The occurrence of other malformations such as 
those of the skeletal or muscular systems, espe- 
cially the association of epilepsy, has been inter- 
preted bj' some authors as showing the relation- 
ship of nevi to the central nervous system Al- 
though various congenital abnormalities seem to 
appear more frequently in persons having a nevus 
than m those not having one, the possibility of 
mere coincidence cannot be discarded 

SUMMARY 

The majority of giant nevi reported in the lit- 
erature are described as medical curiosities since 
treatment has usually been beyond the scope of 
ordinal y means As far as we are aware, this 
is the largest nevus that has been excised and 
the defect closed by grafting m either single or 
multiple stages The patient was a 6 year old 
white boy with a nevus of the lou r er extremity 
measuring 19 inches m length and 10 inches m 
width Excision of the nevus left a defect which 
measured 220 square inches Immediately after 
excision it was successfully covered with eight 
sheets of heavy split thickness skm which were 
cut from the posterior surface of the trunk, a 
Badgett dermatome being used The grafts 
healed by fiist intention, and the child was lead) 
for discharge in six weeks 



A REVIEW OF UROLOGIC SURGERY 


ALBERT J SCHOLL, MD 

LOS ANGELES 

FRANK HINMAN, MD 

SAN FRANCISCO 

ALEXANDER von LICHTENBERG, M D 

MEXICO, MEXICO 

ALEXANDER B HEPLER, M D 

SEATTLE 

ROBERT GUTIERREZ, M D 

NEW YORK 

GERSHOM J THOMPSON, MD 

ROCHESTER, MINN 

EDWARD N COOK, MD 

ROCHESTER, MINN 

EGON WILDBOLZ, M D 

BERNE, SWITZERLAND 
AND 

VINCENT J O’CONOR, MD 

CHICAGO 


KIDNEYS 

Renal Ectopia — Rusche and Bray 1 state that 
prior to the mtioduction of urography renal 
ectopia was rarely diagnosed clinically and that 
in most of the reported cases the condition was 
discovered either at the time of operation or at 
necropsy The symptoms are not purely renal 
but frequently simulate pelvic or intra-abdominal 
disease Modern urologic methods, however, 
have simplified this diagnostic problem, although 
a common pitfall is the assumption that a com- 
position of the urine within normal limits indi- 
cates a sound urinary tract Certain cases of 
renal malposition present a strong argument 
against this misconception and drive home the 
need for urologic study m cases of obscure pelvic 
and abdominal symptoms 

There is no definite group of symptoms pecu- 
liar to renal ectopia An ectopic kidney is sub- 
ject to all the morbid changes which may beset its 
normal counterpart and is rendered even more 
vulnerable than a normal kidney as a consequence 
of its position This is explained on the basis of 
impaired drainage and possible trophic defects 
due to its abeirant blood supply Symptoms 
may appear as the result of renal pathologic 
changes or of pressure from crowded contiguous 
structures Such symptoms often lead to a con- 
fused interpretation and a mistaken diagnosis of 
some pelvic or mtra-abdominal condition or retro- 
peritoneal neoplasm On the other hand, an 

1 Rusche, C F , and Braj , J L Renal Ectopia 
Report of Two Cases, J Urol 50 123-130 (Aug) 1943 


ectopic kidney may not produce any symptoms, 
and the patient may live a normal life span w lth- 
out being aware of his condition 

Diagnosis is not difficult with the aid of urog- 
raphy, and information obtained by this means 
is more complete from a retiograde study than 
fiom the intravenous urogram An ectopic kid- 
ney may he anywhere between the third lumbar 
vertebra and the hollow of the sacrum, in rare 
cases it has been found in the thoracic cavity, it 
has also been known to herniate through the 
inguinal canal As a rule it is smaller than aver- 
age, it may be smooth or lobulated, and its shape 
is influenced by the surrounding structures 
Two mam types of renal ectopia exist simple 
and crossed, which m turn may appear m unilat- 
eial or bilateral arrangement Simple unilateral 
malposition is the commonest form In crossed 
ectopia the anomalous organ lies on the same side 
as, and below the level of, the normal kidney, and 
its ureter empties into the opposite side of the 
bladder There is little difficulty in distinguish- 
ing between the ptosed and the ectopic kidney, 
since the latter is fixed in position because of a 
short ureter, manifests an aberrant blood supply 
composed of short trunks and lacks the fatty 
capsule The ptosed kidney is usually freeh 
movable if it is not bound in position bj adhes- 
ions, and it always has a ureter approximating 
normal length Opaque catheters m place will 
reveal the length and course of the ureters on 
roentgenologic examination 

The symptomless ectopic kidney should be left 
alone If s\ mptoms warrant, and if the condition 
325 



326 


ARCHIVES Of SURGERY 


of the othex kidney is good and its function 
adequate, opei ative mtei vention should be under- 
taken As the ectopic kidney is fixed m position 
by adhesions and numerous aberrant vessels, it 
does not lend itself to plastic suigeiy, and there- 
fore nephrectomy is the procedure of choice The 
transperitoneal loute is the surgical approach 
recommended, because it piovides easy access to 
the kidney, permits ligation of blood vessels as 
they are encountered and minimizes damage to 
the large vessels which may lie directly beneath 
the organ 

Rusche and Bray report 2 cases of unilateral 
ectopic kidney, giving then clinical history and 
1 ecordmg the surgical treatment (tianspentoneal 
nephrectomy) through motion pictuies m color 
Daselei and Anson 2 report a case of bilateral 
lenal ectopia m an adult man Hit location of 
the kidneys was iliolumbar, the lowei third of 
each being situated m the iliac fossa 

The right kidney was covered antei lorly by the 
cecum, the ascending colon and the duodenal 
flexure , it was crossed by several large branches 
of the ileocolic artery The pelvis of the light 
kidney was lotated medially Two light renal 
arteries were piesent, originating fiom the aorta 
at the level of the mesenteric arteries Three 
right internal spermatic arteries occurred Two 
right renal veins were present, sepaiated by an 
interval of 2 cm and draining separately into 
the inferior vena cava 

The left kidney was normal in size, but its 
peh is was situated anteriorly and measured 5 cm 
m length (half the total length of the organ) 
There was a single left renal artery, derived 
from the aorta Two left internal spermatic 
aiteries were present Three renal veins emerged 
from the left renal hilus to fuse mto a single pre- 
aortic trunk draining into the inferior vena cava 
In simple structural terms, the kidneys, the 
ureters and the associated blood vessels (includ- 
ing the aorta and the vena cava) may be said to 
be contained in, and supported by, a fascial 
envelope which is interposed between the ante- 
riorly placed vessels (and autonomic nerves) of 
the digestive tube and the posteriorly situated 
parietal vessels, the nerves of the lumbar plexus 
and the lumbar musculature Whether the kid- 
nej is normal or ectopic, the investment remains 
the same Within the investing fascia the renal 
arteries and veins will have connection with the 
aorta and the vena cava oi with pelvic exten- 
sions ot these by vessels which course in a trans- 

2 Daseler, E H , and Anson, B J Anatomical 
Relations of Ectopic Iliolumbar Kidneys Bilateral in 
^dult, Unilateral in Fetus, J Urol 49 789-802 (June) 


veise plane The anterioi and posterior relation 
to the retroperitoneal vessels m front and to tin 
letrofascial nerves and muscles behind would In 
pi edictablc within the limits of normal anatomn 
variation 

1 mno> Thi ombont of Ihc Renal Ran 
McDonald and Priestley 2 review data on approx 
mately 700 cases of malignant tumor of the lad 
ney in an effort to determine the surgical am 
the prognostic significance of tumor tlirombos 
of the renal vein Some kidneys that had beci 
mutilated were discarded from the series, wind 
left 636 kidney s containing malignant neoplasm, 
for inclusion in this study Only that portion ot 
the renal vein and aitery with their tributary 
which lay outside the renal parenchyma wa 
examined The presence or the absence of <i 
malignant neoplasm m tlie aforementioned por- 
tion of the renal vein and artery or in the pen- 
neural lymphatics situated outside the rcn.tl 
parenchyma w’as determined, and any neoplasm 
found was identified, bv gross and histologic 
methods in all cases 

In 509 of the 636 cases the renal cancer was 
a hypernephroma Malignant thrombosis ot 
the renal vein was present in 275, or 54 per 
cent, of the cases of hypernephroma There 
waas no evidence of neoplastic involvement ot an 
artery m any ot the cases of hv pernephroma 
In a number of instances histologic examination 
disclosed endartcutis of the mam renal artery 
occasional with benign thrombosis, but neo- 
plastic involvement could not be demonstrated 
Involvement of the penneural lymphatics was 
observed in only 1 case 

The mortality rates in the first year after the 
patients with hypernephroma were dismissed 
from the hospital were as follows 3S pet cent 
foi those m whom the lenal vein was thrombotic 
at the time of operation and only IS per cent 
foi those m whom tumor thioinbosis of this 
vein was not present This is another indica- 
tion that tumor thrombosis of the renal vein 
m a case of hypernephi oma seriously affects the 
prognosis The five yeai survival rate in these 
two groups of patients combined was 41 5 pei 
cent It was 55 4 per cent for those in w horn 
tumor thrombosis of the renal vein was not 
encountered at operation and only 29 per cent 
in those m whom thrombosis was present 

A thrombotic renal vein was found m 49 S 
per cent of cases m which the hypernephroma 
was grade 1 or 2 and m 61 9 per cent of those 
in which the tumoi was grade 3 or 4 It is 

3 McDonald, J R , and Priestley, J T Malignant 
Tumors of the Kidney Suigical and Prognostic Sig- 
mficance of Tumor Thrombosis of the Renal Vein 
Surg , Gynec Obst 77 295-306 (Sept ) 1943 
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apparent, theietoie, that even by pci nephroma 
of low giade lias a gieat tendency to invade the 
renal vein 

The incidence ot tumor thiomhosis according 
-to the -weights of the linohed kidneys was as 
follows 40 6 pei cent for weights of less than 
500 Gm 58 S pei cent for those of 500 to 999 
Gm and 63 1 pci cent foi those of 1 ,000 Gm 
or more 

In 76 oi 119 per cent of the entire scries 
of cases of malignant tumor of the kidney, the 
neoplasm was a caicnioma of the renal pelvis 
Imohemuit ot the pcrmcuial luiiphatics m 
the lulus of the kidne\ oi tumoi thrombosis of 
the renal \em oi both were piesent in 34, or 
44 7 per cent of the cases of caicinoma of the 
renal pelvis Thiomhosis of the mam lenal \ein 
or of one of its smaller branches in the lulus 
of the kidney' was piesent in 31 of the 34 cases 
Invohement of the perineural ly'inphattcs in the 
lulus of the kidney was present in 23 of the 34 
cases Tumor thrombosis of the renal vein was 
present in 20, oi 86 9 per cent, of the 23 cases 
in which there was involvement of the perineural 
lymphatics In 1 of the 20 cases thrombosis of 
the renal artery also was present 

Tumor thrombosis of the renal vein or in- 
volvement of the perineural lymphatics or both 
were present m 14, or 45 2 per cent, of the 
cases of Wilms’s tumor The perineural lym- 
phatics weie involved in 2 cases Tumor 
i thrombosis of the renal vein also was present 
in 1 of these cases Tumor thrombosis of the 
renal vein or involvement of the perineural 
lymphatics or both apparently had little influ- 
ence on the five year survival late m the cases 
of Wilms’s tumor 

Tumor thrombosis of the renal vein was 
present in 2 of the 20 cases of saicoma of the 
kidney Involvement of the perineural lym- 
phatics was not encountered in any of these 
cases Here thrombosis of the renal vein did 
not appear to be of prognostic significance 

A renal neoplasm should be handled as gently 
as possible to avoid breaking loose a possible 
tumor thrombus in the renal vein It should 
not be compressed, pulled on or manipulated 
in any other manner to moie than a minimal 
degree As soon as possible during the opera- 
tion the surgeon should identify' and isolate the 
renal pedicle 

The wall of the vein containing a tumor 
thrombus may become involved by the neoplastic 
process This means that the portion of the 
vein to which the thrombus is attached must 
also be removed if all tumor tissue is to be 
removed 


The easiest ty'pe of tumor tlnombus to deal 
with is the one which extends for such a short 
distance m the lenal vein that there is enough 
unmvolved poition of the vein for the applica- 
tion of clamps between the thrombus and the 
vena cava Such a case does not offer any par- 
tictilai problem except that caie always should 
be taken not to dislodge the tlnombus and not 
to include any' of it m the clamps In othei 
cases it may' be found that the thrombus extends 
almost to the vena cava so that there is space 
foi the application of only one clamp between 
the end of the tlnombus and the vena cava 
bndei these cncumstances this clamp should 
be applied to the icnal vein and the tumor 
lemovcd Any' involved poition of the lenal 
vein distal to the clamp may then be excised, 
and the lunammg poition may' be utilized for 
obtaining hemostasis either by hgatuie or by 
suture If necessary, one or more clamps may 
be left m place on the renal vein with safety 
lliCM! aie loosened m loity'-eight hours and 
lemovcd in seventy -two hours Fortunately, the 
renal aiteiy in cases of hypernephroma is piac- 
tieally nevet involved with tumor tlnombus, and 
thciefoie the arterial blood supply to the kidney 
mav be controlled in the usual manner 

II thns’r 7 unto) — Liveimorc' 1 picscnts a case 
of Wilms’s tumoi m a woman 37 y'cais of age 
In 1941, the right kidney was explored, and a 
perirenal abscess and a tumor mass weie found 
Cystoscopic and pyelograpbic examinations re- 
vealed a laige mass continuous with the lower 
pole of the right kidney This kidney with the 
mass was removed suigically', and the diag- 
nosis was Wilms’s embryonal tumor 

Tuberous Sclno’us — Mertz 0 reports a case 
of tuberous sclerosis of the brain and renal 
tumor The patient, a gul aged 3, had a con- 
genital enlargement of the left leg and the left 
side of the vulva Fulness in the upper pait of 
the abdomen was noted, though no mass oi 
deformity' was made out On the outer aspect 
of the thigh weie numerous small capillary hem- 
angiomatous aieas, and the skin in this region 
had a slightly bluish tinge A diagnosis of 
probable hemangioma of the left leg and of the 
vulva was made No tieatment was instituted 
Six years latei the patient, aged 9, entered the 
hospital because of convulsions, swelling of the 
left leg and of the vulva and presence of a mass 
in the upper left portion of the abdomen 1 here 

4 Livermore, G R Wilms’ Tumor in the Aclult 
Report of a Case, Tr Am A Gemto-Urm Surgeons 
(1942) 35 67 - 71 , 1943 

5 Mertz, H O Tubeious Sclerosis and Renal 
Tumor, Tr Am A Gemto-Urm Surgeons (1942) 
35 73-85, 1943 
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was a cutaneous uuption ovei the face I he 
left leg was appro ximatelv one and a half times 
as large as the light, and a mass the size of a 
grapefruit was found m the uppei left abdominal 
quadrant A loentgenogiam of the skull ie- 
vealed multiple n regular aieas of calcification 
m the caKanum 01 the coitical suiface of the 
brain A diagnosis of tubeious sclerosis with 
adenoma sebaceum, renal tumor on the left side 
and congenital angiomatous changes in the lett 
leg and left labium majus was made J he 
patient was gnen sedation treatment foi hei 
convulsions and roentgen treatment foi hci i ( nal 
neoplasm 

Mei t l states that the three most often encoun- 
tered t)pes of neurocutaneous syndiome that 
may be accompanied by a lenal tumor aie Reck- 
linghausen’s neuiohbromatosib Bomncvilles 
tubeious scleiosis and landau's type of con 
Hippel’s disease a lo’u ot angiomatosis Each 
is due to a congenial nniformation occulting in 
the brain, the skin, the heait, the eyes the kid- 
neys, the bones or occasionally other visceia 
The pathologic changes and the clinical expies- 
sion are distinctive and definite m each disease 

Tuberous sclerosis is a chronic disease which 
particulail) affects the brain the eyes and the 
skm but which to a lcssei degiee involves the 
mesoderm, resulting m founation of an embiy- 
imc tumov m tie heait, the kidneys 01 other 
ciscera Invasion of the hi am results m carv- 
ing degrees ot mental defect and convulsions 
The cutaneous lesion, adenoma sebaceum, is pres- 
ent on the cheeks and the nose It is most 
chaiactenstic in its butterfly distubution and 
is usually most evident m the nasolabial folds 
The ocular changes consist of flat tumors on 
the retinas Typical changes occui m the heait 
and the kidney's and less f i equently in othei 
viscera 

There is no treatment known toi tubeious 
scleiosis The disease is progiessvve It is 
observed sometimes m adulthood but occurs 
most often in childhood Most patients die 
between the fifth and the fifteenth yeai of age, 
and death results most often from cachexia, 
pulmonary disease or status epilepticus 

The characteristic renal lesion m tubeious 
sclerosis is a tumor foimation While it was 
thought at first that the renal changes wei e acci- 
dental and did not have any relation to the 
lesion of the brain, it was soon suggested that 
they had more than a casual relation and that 
the hypertrophic nodular gliosis m the brain 
and the tumor formation m the kidney weie 

but two expressions of one and the same dis- 
ease 


Most ol those making complete necropsy re- 
poits on patients with tubi rnu> sclerosis have 
noleel the pie since of lenal tumors, cot occa- 
sionalh an instance of tuberous ‘•cIcioms with- 
out ien.il changes h is been shown 

lhc lenal changes tmv he bilateral The 
relative frequency of both kulnecs hung involved 
is difficult to dctcinime as rcierenec to the 
icnal lesion m neciopsy icpons is most ottcii 
limited and incomplete In 16 ot the 19 cases 
ol icnal tumoi in the Fouler and Dickson series, 
both kidnevs wuc affected In the scries ot 
42 patients with tuberous sclerosis and tumor 
of the kielncv whose records Mot/ has collected 
horn the htciature the di-i i-e was bilateral 
in 34 and unilateial in 2 

The chaiacteristtc lesion ui the kidtiev is a 
evstie oi a solid tumor While the two tvpes 
ol tumor mac oecur independently , in most 
instances eaictul stmlv will demonstrati that 
both tvpes me present J lie tumors are pri- 
matilv cortical in locition ind trequuitlv they 
extend into the medulla hut m doing so there 
is no invasion ol the deepei structures as in 
cancerous icnal tumors \lmn-i imariabh the 
tumors me multiple and mam elcfimtelv dis- 
tinct ttimois me present with no appreciable 
tendency tow aid the munition ol one large 
tumor mass 

Hychoncphiosis — Ilcnhnc and Menning' m 
discussing livdroncplnosis due to urctcropehic 
obstruction stave that the diagnosis ot uretero- 
pelvic obstuietion should be made betorc oper- 
ation bv a ten minute dclaved roentgcnogiam 

I he exact cause ot the obstruction must he 
sought and couectcd at the operating table 

Among uiologists and loentgenologists the 
opinion still prevails that aberiant vessels are 
the primary cause of most uieteiopelvic obstruc- 
tions In Henhne and Menmng’s cases the 
most common cause of obstruction was mtunsic 
stenosis Stenosis and abeirant vessels tre- 
quenth coexist, and at operation caiefu! studv 
of the uieteiopelvic junction mav be icqimed 
to determine the pnmmv cause ot the obstruc- 
tion When stenosis and abeirant vessels co- 
exist, both must be collected to establish ade- 
quate diainage 

The success of any' plastic opeiation on the 
uretei opelvic junction depends as much on pro- 
longed nephi ostomy drainage and ureteial I 
splinting as on the smgieal pioeedure employed 
A Malecot cathetei senes well tor prolonged 
nephi ostomy drainage, and a sott iubbei catheter 


menl H . e f" hn & a B ’, and T H Mamge- 

Oh"L ? f Hydronephrosis Due to Uretcropelvic 

(July) 1943 Preiminarj Re P° rt - J Drol 50 1-24 



SCHOLL LT AL -REVIEW Or UROLOGIC SURGERi 


329 


which fits snugly into the uietei has piovcd to 
be a satisfactoi} ureteral splint 

In cases in which this method of piolonged 
drainage was followed, the immediate results 
with both Y-plastj and end to end anastomosis 
hat e been gratifying 

Cyst — Braasch' states that leccntly he has 
obsened in a number of patients unusual icnal 
c}sts which have been moic or less difficult to 
classify He refers to cj sts situated m the renal 
cortex adjacent to a calix These cjsts appar- 
ently have then oiigm in the tip of the cahx 
and m main instances should be consideicd 
cistic dilatations of the caliV The) often stait 
with the formation of a small stone m the tip 
of the cahx which obstructs the tubules leading 
into it, causing cjst formation Chrome pyelo- 
nephritis may produce constriction of the in- 
fundibulum leading to a calix with secondary 
formation of a cyst In no sense of the word 
can these cjsts be called simple 01 sohlarj renal 
cjsts The best term to descnbe them has been 
offered bj Qumby, who suggested the name 
“pyelogemc cysts ” As a rule, they arc smaller 
than the “simple” cysts usually obsened Renal 
cysts occasionally are observed that were pri- 
mary cortical or “simple” cysts situated adja- 
cent to the pelvis which luptured into a cahx 
It may then be difficult to distinguish them from 
pyelogemc cysts 

The diagnosis is made possible by urography 
As a result of routine employment of this pro- 
cedure in recent years the lesion is recognized 
much oftener than formerly In some cases the 
cysts are not visualized in the excretory urogram 
and their presence may be determined only by r 
a retrograde pyelogram In other cases they 
are visualized only in the excretory urogram 
In some instances the original connection with 
the pelvis has been sealed off so that for all 
practical purposes they become cortical cysts 
A calculus, usually small, is present m many of 
these cases The question may arise whether the 
stone is a secondary formation rather than a 
primary etiologic factor If multiple small stones 
should be present in tbe cyst, they would seem 
to be definitely secondary 

Persistent or recurring uunaiy infection is 
usually the predominant clinical evidence in 
cases of pyelogemc cyst Hematuria is some- 
times observed Acute pain usually is absent 
The accidental discovery of the cysts m the 
course of routine urography is not unusual 

In the absence of secondary complications 
pyelogemc cysts may be left untreated, with 

7 Braasch, W F Pyelogemc Renal Cyst, Urol 

Corres Club Letter 10 67-68 (July 19) 1943 


subsequent obseivation When peisistent secon- 
dary infection oi a stone is present, complete 
excision usually is indicated If a cyst is large 
enough, amputation of the affected renal pole 
may be advisable 

In a leccnt icmcw of a senes of 163 cases of 
simple icnal cyst in winch operation was per- 
formed at tbe Majo Clinic, Braasch made the 
following classification of icnal cysts, which for 
Ins pm poses has proved to be practical (1) 
retention oi inflammatory cysts (usualfy of little 
or no clinical significance) , (2) simple cysts 
(single, multiple, multiloculat or hemorrhagic) , 
(3) pyelogemc cjsts, (4) peripelvic cysts, (5) 
cysts secondary to renal pathologic change (cal- 
culus, hypernephroma, tuberculosis, pyeloneph- 
ritis, hematoma oi echinococcus) (6) poly- 
c\stic kidnejs 

Ncph) it is — Lobo Onell and Diaz Munoz 7 8 
slate that the opciation of renal decapsulation and 
dencivation in acute glomerulonephritis is in- 
nocuous and helpful m halting tbe progress of 
the disease m its acute fotm Careful judgment 
is lequircd so that opciation shall not be per- 
formed in cases m which tbe condition is amen- 
able to medical treatment On the other hand, 
procrastination may lead to irreversible paren- 
chjmal changes Opciation should be done at 
the crucial moment before the disease becomes 
chronic 

The most striking lesults w r ere seen m cases 
of subacute glomerulonephritis 

In cases m w'bicb tbe disease had reached 
the subchronic phase, the results were variable 
While m some instances the}) were encouraging, 
in others no appreciable benefit w r as derived 

As to the chronic form, careful discrimination 
must be used in the selection of cases Oper- 
ation is indicated m acute exacerbations of 
chionic nephritis and when there aie pam and 
hematuria 

In the vascular forms, in which hypertension 
is the chief symptom, decapsulation and dener- 
vation must be done before the majority of the 
artenoles are obstructed, so that the full bene- 
fit of the resultant vasodilatation can still be had 

Hypo tension — Patton, Page and Ogden 0 re- 
view the reported clinical cases of liypei tension 
and unilateral renal disease m which nephrec- 
tomy was done In more than half of these 
cases either the blood pressuie remained at the 

8 Lobo Onell ; C , and Diaz Munoz, I Results of 
Surgical Treatment of Diffuse Glomerular Nephritis, 
J Urol SO 34-39 (July) 1943 

9 Patton, H S , Page, E W , and Ogden, E The 
Results of Nephrectomy on Experimental Renal Hyper- 
tension, Surg, Gynec & Obst 76 493-497 (April) 
1943 
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same level or it continued to rise after tire 
operation 

This problem was studied m rats m order to 
determine the factors which influence the success 
or the failure of nephrectomy m curing hyper- 
tension Permanent high blood pressure was 
produced by obstructing the blood supply to one 
kidney, and this kidney then was removed after 
rarymg intervals Corresponding to the results 
in man, half of the rats did not have any lower- 
ing of the blood pressure and only 20 to 30 pei 
cent of the animals were cured of hypertension 
In the animals that had residual hypertension, 
albuminuria persisted, and a histologic study 
ot the remaining kidney revealed numerous vas- 
cular changes similar to those observed m the 
kidneys of human beings with hypertension and 
apparently accounting for the continued main- 
tenance of the high blood piessure It the af- 
fected kidney had become completely devoid of 
a blood supply, its removal was a useless pro- 
cedure The greatest success following neph- 
rectomy was in those cases in which hypertension 
was of short duration, and within the limits of 
the expeuments the severity of the hypertension 
was not of impoitance in determining the end 
result 

Anew ysm — Lowsley and Cannon 10 state that 
75 cases of aneurysm of the renal artery have 
been reported to date, including the case pre- 
sented in their paper 

A congenital defect m the wall of the renal 
artery, particularly at its bifurcation, is a hypo- 
thetic factor m the causation of aneurysm It 
is questionable whether trauma per se produces 
renal aneuiysm 

In only 12 of the 75 reported cases was the 
condition suspected prior to opeiation or death 

True aneurysm is usually asymptomatic A 
few patients have complained of pain, m the 
flank The cardinal symptoms of false aneurysm 
are hematuria, pam and tumefaction in the flank 
The pathognomonic signs — pulsation and a sys- 
tolic bruit — have been present m 7 cases The 
presence m the roentgenogram of a ringlike 
shadow, with a dense periphery disrupted m 
one portion and a rarefaction of the center, m 
the kidney or the hilar region, is suggestive of 
a renal aneurysm 

The treatment is surgical According to the 
literature, every patient presenting symptoms on 
whom operation was not performed died Of 
the 29 patients subjected to nephrectomy, 26 
survived Of 37 patients who underwent opera- 

10 Lowsley, 0 S , and Cannon, E M Aneurysm 
of the Renal A,rter%, J A M A 121 1137-1143 (April 
3) 1943 


tion, 8 died— an operative mortality rate of 21 
per cent 

Actinomycosis — Cohen, 11 in a discussion of 
actinomycosis of the kidney, states that Actino- 
myces may gam entrance into the body through 
injuries, such as abrasions or cuts, by being in- 
gested with food or by being inhaled in the form 
of spores Isolated infection of the kidney 
probably occurs as a result of hematogenous 
spread 

A preoperalrv e diagnosis ot icnal actinomy- 
cosis can be established only by finding the ray 
fungus in the urme This is often difficult 
because Actinomyces may not have a typical form 
but may resemble cocci and ordinary bacteria 
Cultures may give positive proof, but the 
oiganism is very slow growing, often requiring 
several weeks of cultivation Cultures made by 
ordinary methods do not reveal the presence of 
the ray fungus There arc usually no localizing 
signs or symptoms Both the retrograde and the 
excretory pyelograms are without distinctive 
features 

Cohen reports the case of a man aged 44 years, 
who complained of pain in the left loin The 
patient had had one attack of painless hematuria 
Lxcictory urography showed a calculus in the 
lett ureter, with left hydrourcter and hydro- 
nephrosis Later cystoscopic examination re- 
vealed a scat m the region of the left ureteral 
orifice Following this, a stone was removed by 
left ureterolithotomy After operation the patient 
had some fever and tenderness m the left costo- 
vertebral angle A retrograde pyelogram showed 
that the hydronephrosis had disappeared A diag- 
nosis was made of cortical abscesses ot the 
kidney An exploratory operation was per- 
formed The kidney was found to be con- 
siderably enlarged, with a greatly thickened 
capsule, and through the latter could be seen tmy 
yellowish abscesses Examination by a pathol- 
ogist of a section taken from the kidnev revealed 
actinomycosis Following operation, the patient 
was given potassium iodide for several months, 
and he made a good operative recovery' 

Renal Opeiation joi Diainagc of Ascitic Fluid 
— Feiguson 12 reports a case m which the pelvis 
of one kidney was anastomosed to the peritoneum 
m a case of ascites The patient was a man aged 
38 years, for whom a diagnosis of cirrhosis of 
the livei, ascites and nephritis was made The 
usual treatment, such as tapping and the admm- 


11 Cohen, D L Primary Actinomycosis of the 
Kidney Case Report, J Urol 50 29-33 (July) 1943 

12 Ferguson, C Ascites An Operation for Its 
Rehef, a Case Report, J Urol 50 164-16S (Aug) 
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istiation of meicurial diugs, had been tned with 
onl} temporary relief Excision of the light 
kidney and anastomosis of its pelvis to the 
peritoneum weie pei formed This operation 
was done w ith the purpose of permanently 
draining the peritoneal cavity by waj of the right 
ureter The patient’s condition v as satistactory 
following operation The vesical output aver- 
aged from 1,300 to 1,500 cc m twenty -foui 
hours Aftei a necessary modification was 
carried out, no furthei ascites occurred The 
patient was in good health one yeai aftei 
operation 

.ADRENAL GLANDS 

Coitical Tumors — Howze 13 lepoits a case of 
bilateral tumor ot the adienal cortex lhc 
patient was a man aged 51 years, whose urogram 
showed a mass in the right lumbar region and a 
deformity of the right lenal pelvis On physical 
examination the mass was found to be multiple, 
about the size of a grapefruit A diagnosis of 
renal tumor on the right side was made The 
patient died somewdiat later, and at necropsy'' 
a tumor of each adrenal gland was found, 
together with a small metastatic tumor in the 
myocardium Both adrenal glands were greatly 
enlarged, the normal pattern being almost com- 
pletely replaced by lobulated masses of yellowish 
tissue with pink streaking, the latter ladiating 
from the central regions toward the outer edges 
On the right side this tissue was seen to con- 
tinue into the lulus of the kidney and to replace 
m an expansive development practically the entire 
kidney, leaving only an incomplete narrow shell 
of essentially normal renal pattern The left 
kidney was not involved in the neoplastic process 
Microscopic examination indicated that the 
growth of the adrenal cortex w r as a carcinoma 
In a review' of the literature on adrenal tumors 
from 1850 to the present time, How'ze found 
reports of 66 bilateral tumors of vanous types 
There are 2 specimens in the Army Medical 
Museum not yet reported, which make a total 
of 69 Forty-five of this group appear to be true 
cortical tumors arising from the cells of the 
adrenal cortex and are cytologically adenomas 
and carcinomas Six bilateral paragangliomas 
are reported The remainder are classified as 
sarcomas of various types, melanomas, a cavern- 
ous angioma and a retroperitoneal cyst of 
undetermined character In all cases the diag- 
nosis was made at necropsy except in the case 
of the retroperitoneal cyst, the origin of which 

C P Bilateral Adrenal Cortical 
umors Report of a Case Simulating Renal Neoplasm, 
A Genito-Unn Surgeons (1942) 35 21-39, 


was doubtful The youngest of the patients was 
a boy 4 days old, and Ins tumors w'ere described 
as adenomatous hy pertrophy' The oldest patient 
in whom necropsy revealed true cortical tumors 
wms a man aged 6S years A majority of the 
patients weie in the fourth and fifth decades of 
life Among the patients there w'ere 36 men and 
25 women , in 5 cases the sex w r as not mentioned 
The diagnosis wms not made m a single instance 
during life 

Cahill, 3 '* in discussing Howze’s paper on 
bilateral tumoi of the adrenal cortex, states that 
it is difficult at times to distinguish adrenal 
tumors microscopically from lenal tumors, and 
some of the sections shown by Howze look like 
hy pei nephroma lhc differentiation must be 
done chemically, simply because the adrenal cell 
and the renal cell are chemically two different 
things, and long differential chemical staining of 
cells is the only' way to recognize them Con- 
sequently', it is sometimes difficult to deter- 
mine whether a tumor is of renal origin with 
metastasis into the opposite adrenal gland 
Cahill states that he would not be satisfied with 
the diagnosis unless pathologic and chemical 
examinations w ere made as far as possible to see 
whether the cells m the tumoi are renal cells or 
adrenal cells Howze’s patient died of acute 
chronic adienal depletion (chronic Addison’s 
disease) , pigmentation does not necessarily occur 
m chronic Addison's disease, because apparently 
the various syndromes of this disease express 
not only the loss of hormones but the loss ot 
vitamins w'lnch goes with depletion of an adrenal 
gland 

Hyman and Mencher 15 discuss pheochromo- 
cytoma of the adrenal gland and report 4 cases 
Thirty-five cases of pheochromocytoma foi which 
operation was performed have been reported in 
the world’s literature In the combined series 
there were 5 postoperative deaths Another 
death occurred tw'o years after operation, of 
metastasis That is the only case of malignant 
tumor leported in the whole group Pheo- 
chromocy'toma did not involve either adrenal 
gland m 4 cases, and occurred more often among 
women than among men 

The symptom complex is dependent on the 
discharge of epinephrine oi of an epinephrine- 
hke substance into the geneial circulation The 
symptoms produced during spontaneous and 

14 Cahill, G F, in discussion on papers by Jeck 
and Orkin, Shupe, Howze 13 and McKenna, Kiefer and 
Bronstem, 10 Tr Am A Genito-Unn Surgeons (1942) 
35 63-64, 1943 

15 Hyman, A , and Mencher, W H Pheochromo- 
cytoma of the Adrenal Gland, J Urol 49 755-771 
(June) 1943 
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induced attacks are more or less similar, differing 
only m seventy A typical history leveals that 
the patient complains of pounding headache, 
nausea, dyspnea, orthopnea, palpitation, blanch- 
ing of peripheral portions of the body, pares- 
thesias, abdominal cramps, vomiting, precordial 
throbbing and marked weakness The attacks 
last for variable penods from minutes to hours, 
during which time the patient may be in a state 
of shock The attacks usually terminate with 
flushing of the blanched areas, marked perspira- 
tion and weakness During an attack death maj 
occur fiom shock, pulmonary edema, failuie of 
the left side of the heart 01 coronary disease 01 
with cerebral manifestations If surgical treat- 
ment is not given, eventually aiteriolar sclerosis 
results because of unchecked vascular tension 
The hypertension which then results becomes 
fixed 

The attacks may occur spontaneously, or they 
may be induced by any mechanism which calls 
forth a discharge of epmephime (pressoi 
response) These causative factors include 
emotional upset, fear, anger, slight trauma, 
change of posture and other conditions Some 
patients have succumbed without apparent cause 
after a trivial operation 

Peripheral vasoconstriction is usually marked 
and manifests itself in several ways The blood 
pressure may rise to more than 300 mm of 
mercury systolic, with the diastolic piessuie at 
levels of more than 100 mm , only slightly 
elevated At the time of the hypei tensive phase 
the pulse is markedly thin oi impalpable 

If the attack has lasted for a long period, the 
patient may be m a state of shock, which is 
dependent on the prolonged massive inti oduction 
of epinephrine into the circulation 

The urine usually is decreased in volume and 
contains albumin, erythiocytes and casts, glyco- 
suria may be present Between attacks the urine 
may be normal 

Pyelography may show a compiession of the 
upper pole of the kidney if the tumor is large 
If the tumor is small, there may be no indication 
from the pyelographic studies that a tumoi exists 
in the region of the adrenal gland Foi this type 
of case peurenal insufflation is essential and 
easily demonstrates and localizes the tumoi 

Medullary Tumoi s — Tumor of the adrenal 
medulla must be differentiated from hypei - 
thyroidism, coronary occlusion and ordinary 
hypertension 

In the management of patients with tumor of 
the adrenal medulla, careful preoperative prepa- 
ration is of paramount importance Emotional 
excitement should be avoided Knowledge of the 


operation should be withheld from the patient, 
and sedation should be adequate The use of 
solution of ti lbi omoethanol U S P as the basal 
anesthetic affords opportunity to avoid the 
excitation w Inch othei anesthetic procedures mav 
cause Extract of adrenal cortex, as well as 
epineplniiie, has been recommended in the 
management of these patients because of the 
sudden release from a state ol high titer ot 
circulating epinephrine following the operation 
and because of the possibilitv of temporarv 
adiena! coitical msufficicnc) which the loss ot 
adrenal cortical tissue might cause Further- 
more, it has been shown that the administration 
of an extiact of adrenal cortex is of benefit when 
the circulaton collapse of epinephrine shock n 
pioduced Desoxv corticosterone and salt should 
also be employed pi eoperatn eh , but a word ot 
caution is necessarv m regard to this medication 
Overdosage should be avoided since it leads tc 
pulmonarv edema, to which a patient mav 
succumb 

Preparation is made at the operation for fre 
qtient determinations of blood pressure b) the 
anesthetist Since excessive handling of the 
tumor causes discharge of large amounts of epi 
nephrmc into the circulation, adequate exposure 
of the area and gentleness of technic are essential 
When the tumor is small, lumbar incision witl 
excision of the twelfth rib and it necessarj tin 
eleventh rib is advised Howeier, when th< 
tumor is huge, the transperitoneal approach v 
more advisable than the lumbar approach In thi 
lumbar incision, the posterior portion of the usua 
renal incision is extended upward to parallel tin 
spine to the eleventh rib After excision of tin 
twelfth rib, the kidney is exposed and packet 
away toward the iliac fossa The tumor i 
located, and a decision is then made as t< 
whether to excise the eleventh rib Caie is takei 
not to injure the pleura After being located 
the tumoi is removed with as little handling a 
possible Striking rises of blood pressure mav b< 
noted as soon as the tumor is manipulated 
Following the lemoval of the tumor, the blooi 
piessuie may fall precipitously This event call 
for a close watch over the patient In much mon 
than half of the repoited cases the patient ha 
suffered from shock dunng or immediately afte 
the operation Intravenous infusion, mtravenou 
injection of solution of epinephrine hydrochloridi 
U S P and intianiusculai administration of . 
suspension of epinephrine in oil are indicated fo 
any immediate collapse Extract of adrena 
cortex and desoxycorticostei one are valuabl 
agents m therapy following the epinephrim 
regimen 
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The postopeiatne cate consists ot the continua- 
tion of the regimen staitcd in the pieoperatnc 
peuod Aftei the shock has been combated 
successful!) , com alescence is une\ entful Fui thev 
spontaneous attacks cease, and eiloits to induce 
the paioxysms are no longei successful The 
results of studies of blood and urine become 
normal The 1 espouse to the \anous picssoi 
tests likewise does not show’ any deviation fiom 
the normal 

Of the 4 patients whose cases aie piesentcd, 

3 weie w'omen and the fourth was a man All 
the tumors weie t emoted successfully and all the 
patients made une\ entful recot cries A long 
period of follow-up meals that the patients are 
m excellent health and that no further attacks 
ha\e occurred 

Cahill, 10 in discussing Hyman and Marcher's 
article on pheochrotnoct toma of the adrenal 
gland, states that the patients present a hormonal 
’or paroxysmal type of hypertension, which is 
distinct from the continuous essential type, which 
most likely is due to some amino acid In both 
of these types of hypertension, correction is 
necessary before the patient is permanently 
injured 

Pheochromocytomas arc usually benign and 
occur mostly in adults In some cases of majoi 
hysteria there are attacks which resemble the 
hormonal crises occurring with pheochromo- 
cytoma 

When the classic symptoms are present, the 
first diagnostic step is to prove the presence of 
excess hormone The next step is to prove its 
source, which has been done best by perirenal 
insufflation of air After the tumor has been 
located, its removal is necessary The anesthetic 
agent of choice is solution of tribromoethanol 
U S P 

In opeiations on adrenal tumors, it is best to 
remove a malignant cortical tumor through a 
transperitoneal approach For a benign tumor, 
such as pheochromocytoma, the flank incision is 
adequate Ligation of the blood supply should 
precede the handling of the tumor 
'It has been the experience of most surgeons 
that the blood piessure remains low for some 
time after the removal of a pheochromocytoma, 
but if the patient survives the operation, cuie 
usually follows, m othei woids, hypertension 
due to this turnoi is a type of hypertension that 
can be cured 

MacKenzie 17 states that he has seen 4 patients 
who had pheochromocytoma of the adienal gland 

16 Cahill, G F, m discussion on Hjman and 
Mencher, 15 p 772 

17 MacKenzie, D W , m discussion on Hvman and 
Mencher, 15 pp 772-773 


but that Ins lesults have been not quite so satis- 
factoiy as those of Hyman and Mencher, for 1 
patient died 

He discusses' a case m which he operated five 
yeais ago The patient was a man of 29 years 
Thei e w ei e sevei al things which wei e interesting 
about this patient One was that he always had 
a sudden spasmodic use of blood piessure when 
picssuie was applied m the region of the left 
kidney , but none when pressuie was applied over 
the light kidney He was admitted to the neuro- 
logic sei vice with a tcntatne diagnosis of tumor 
of the biain At operation, the left side was 
exploicd and found to be normal, then, on the 
light side, a laige tumoi was found When the 
patient w r as dismissed, Ins blood pressure was 
110 systolic and 70 diastolic Fiom then on, the 
highest pressure leading was leported to be 
1 20 systolic and 80 diastolic About four months 
ago, while taking his gymnastic exercises m the 
morning, bending forward, he got one of those 
attacks, as he said, “not \ery sc\ere, but there 
is no question but that the attack is the same as 
experienced before opeiation” Following that, 
he had five oi six attacks befoie returning for 
ticatmcnt None of these attacks was as severe 
as the previous ones, but they w’eie definite 
He entered the hospital about a month ago and 
was able to pioduce the attacks by his gym- 
nastic cxcicises, but pressure m the renal regions 
produced no change Exposure of both adrenal 
glands at operation mealed them to be normal 
While the patient was on the operating table, 
MacKenzie tried flexing the patient’s body by 
bending the thighs against the abdomen This 
was followed by a rise of the blood pressure to 
282 systolic and 166 diastolic 

Mencher 18 states that pheochromocytoma pro- 
duces a type of hypertension paroxysmal m 
nature and remediable by surgical treatment It 
is important that a diagnosis be made and sui- 
gical treatment rendered before the hypertension 
becomes fixed 

Pseudohei viaph) oditism and Adrenal Disease 
— McKenna, Kiefei and Bionstein 19 discuss 
pseudohermaphroditism m relation to the adreno- 
genital syndrome They present 2 cases m 
which an operation was done and a third case 
in which the diagnosis was made clinically but 
no surgical tieatment was carried out 

The first case tvas that oi a girl aged 14 years 
fhe patient always had known that she had an 

18 Mencher, W H, in discussion on Hyman and 
Mencher, 15 pp 775-776 

19 McKenna, C M , Kiefer, J H , and Bronstem, 
I P Pseudohermaphroditism Due to Hyperactivity 
of the Adrenal Cortex, Tr Am A Gemto-Urm 
Surgeons (1942) 35 41-58, 1943 
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enlarged clitoris, which recently had been enlarg- 
ing rapidly In general, she was a muscular 
child, having more male characteristics than 
female There was a marked growth of supra- 
pubic hair with the male type of escutcheon 
extending up to the umbilicus There was a 
rather large phallus, about 2 cm in diameter 
and about 4 cm long, of the hypospadic type 
with ventral curvature At the base of this 
phallus was what at first seemed to be a urethra , 
however, on closer examination a vaginal orifice 
was seen , on spreading this the urethral orifice 
could be seen immediately inside It was pos- 
sible to do a vaginal examination with one finger, 
and the small, apparently normal uterus was 
palpable No masses were found in the pelvis 
Cystoscopic examination levealed a normal 
bladder and urethra On abdominal exploration 
a normal uterus was found , the ovanes appeared 
undeveloped At a second operation, both 
adrenal glands were exposed The right adrenal 
gland was somewhat enlarged, and a part of it 
was removed Later the clitoris was amputated 
and the perineum opened moie widely to estab- 
lish a more normal female condition of the 
genitalia Five months later the patient was in 
good geneial health, the body contours were 
more feminine, and there was beginning develop- 
ment of the breasts 

The second case was that of a girl aged 4 
years The genitalia had been noticed to be 
abnormal at buth but were piedonunantly female 
Examination levealed a large phallus, 2 cm in 
diameter and 4 cm in length There was a 
perineal urethral meatus, and no division of this 
canal could be seen when the meatus was spread 
An abdominal exploratory operation was carried 
out The uterus and the ovaries were normal 
but small Injection of air into the perirenal 
space on the left side showed the left adrenal 
gland to be approximately 20 by 30 mm in out- 
line, the right adrenal gland was not outlined 
The right adrenal gland was then exposed sur- 
gically and three fourths of it resected Exami- 
nation of the sections led to a diagnosis of cortical 
adenoma of the adrenal gland and diffuse and 
focal pseudonodular hyperplasia of a disordered 
adrenal cortex 

URETER 

Calculus — Beach 20 states that ureteral cal- 
culus is common in the Saciamento Valley, in 
California 

Watchful waiting is advisable, since sponta- 
neous expulsion of the calculus is fairly frequent 

20 Beach, it W "Ureteral Calculus Its Manage- 
ment, California &. West Med 58 113-118 (March) 


or SURGERY 

Enor in judgment, or leaning too far tow aid 
conservatism, however, may result m increased 
moibidity and perhaps otherwise avoidable 
moi tality 

Beach’s expectant treatment consists of msei- 
tions of a soft indwelling uieteial catheter, left 
in situ foi twenty-four to forty-eight hours, 
under aseptic conditions On withdrawal of the 
cathetei, sterile olive oil is injected, and prostig- 
nnne methylsulfate is given hypodermically, w ith 
the patient ambulant An aid to securing ure- 
teral lelaxation for the removal of large stones 
is found in deproteinated pancreatic extract, 
administered just before instrumentation Metal 
forceps and metal-tipped stone dislodgers do not 
have any place in instrumentation within a ureter 
weakened by stone, as demonstrated m 3 cases 
observed by the author, in which perfoiation 
occui red 

Failure to lespond to a leasonable trial of 
manipulative measures should be followed bi 
open operation 

About 75 per cent of ureteial stones reach 
the pievesical spindle If ureteral meatotorm 
is necessary, the use of scissors or a cold knife 
is prefeiable to fulguration 
Beach wains that the position of the stone 
must be lechecked immediately befoie operation 
Cai cuioiiia — Scott 21 reports 2 cases of car- 
cinoma of the ureter and states that this lesion 
occurs moie frequently in the sixth and set enth 
than in othei decades of life The youngest 
patient noted in a review of the literature was 
22 years of age and the oldest 89 ) ears of age 
Of the patients whose sex w as stated, 33 7 pei 
cent v^ere women and 66 3 per cent were men 
The light ureter w r as involved in 67 per cent 
of the cases, and the low'er end of the ureter in 
52 per cent 

More than 50 per cent of the tumois were 
papillary 

The postopeiative mortality rate w^as 24 per 
cent Only 6 patients w'ere reported living and 
well more than four years after opeiation, but 
many of the patients weie not followed Of 
32 i eported well, only 6 wei e followed fom 
yeais or more 

Earlier diagnosis and use of operatne pio- 
ceduies that have as their first consideration the 
removal of the primary lesion with the least 
possible risk to the patient should decrease the 
postoperative mortality rate and improie the 
end results 


21 Scott, W W A Review of Primary Carcinoma 
of the Ureter Presenting Two Cases, T Urol 50 45- 
64 (July) 1943 
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Injury Dm mg Gynecologic Operations — 
Adams 22 discusses ureteral injury incurred dui- 
mg gynecologic operations, piescntmg data on a 
series of 73 cases collected from the literature 
between 1936 and 1941 , lie also leports 3 new 
cases No mfomiation as to the ficqucncy of 
this accident is available from his study Samp- 
son has leported 16 cases of ureteral mjuiy 
occurring at the Johns Hopkins Hospital be- 
tween 18S9 and 1902 m 4,086 major gynecologic 
procedures, an incidence of 0 4 per cent Like- 
wise Newell in 1939 found an occurrence of 0 4 
per cent m 3,144 hysterectomies Ureteral in- 
jury can pass umccognizcd, Newell reported 
15 cases, in 6 of which the injuries were not 
recognized until found at nccrops\ 

In the present series the injuries were uni- 
lateral in 50 cases and bilateral in 17 There 
are five general types of injuries (1) ligation, 
(2) incision, (3) excision, (4) neciosis and (5) 
obstruction from surrounding postoperative 
edema and inflammation 

The most concise tabulation of the sequelae 
of ureteral damage in cases m which this con- 
dition has not been discovered at the time of 
operation has been formulated by Robinson and 
is quoted by Adams (a) Bilateral damage 

(1) double section followed b) leakage, general 
infection and death (or formation of a fistula) , 

(2) double ligation followed by amnia and 
uremia, fatal if unrelieved (b) Unilateral 
damage (1) section followed by leakage and 
acute infection either local or widespread, (2) 
partial section With leakage and ureteioabdom- 
mal or ureterovagmal fistula, (3) ligation fol- 
lowed by atrophy of the kidney, with or without 
symptoms of renal inadequacy, and in some cases 
by acute or chronic uremia, (4) ligation with 
reflex suppression and complete amnia ( c ) 
Partial occlusion or kinking from periureteral 
adhesions following various abdonunopelvic 
operations Adams adds the following two 
classifications (d) Unilateral or bilateral liga- 
tion with delayed formation of a fistula (e) 
Unilateral or bilateral occlusion from edema and 
inflammation with spontaneous reestablishment 
of renal drainage 

Ihe treatment of the ureteral injury depends 
on when the condition is recognized and what 
type of damage has occurred When the injury 
is recognized during the course of an operation, 
immediate restoration of the continuity of the 
kidney and the bladder should be attempted 
In the present series the condition was recog- 
nized on ly eight times, compared with sixty- 

22 Adams, T W Ureteral Injury During Gyneco- 
Surgery > West J Surg 51 305-320 (Aug) 


seven times that the accident was not discoveied 
until the postoperative period 

When the meter has been severed, the two 
pioccdurcs of choice are ureteroureteral or 
ureterovesical anastomosis 

Voluntaiy ligation of the proximal end of the 
meter should be done only when the patient is 
in such pool condition that fuilhei operative 
procedure will seriously' endanger her life 
When clamping oi ligation of the ureter is 
lccogmzed at the time of operation, the clamp 
or the hgattuc should be removed immediately 
However, a clamp or a hgatuie, even though 
left on for only a short time, often w ill jeopardize 
the mtcgiity of the ureteral wall When any 
doubt of mcteral integrity exists, it is better to 
excise the damaged poition and to do a meleio- 
uictcral or meterovcsical anastomosis 

In 2 of the 8 cases in which damage was 
recognized at the time of operation it was treated 
by ut clcrov esical anastomosis, w ith a good result 
in 1 and mctcial stricture and icnal atrophy 
m 1 In anothu case the damage was corrected 
by implanting the urctci into the bowel, with a 
good lcsult In 5 cases uicteiomcteial anas- 
tomosis was attempted, good icsults were ob- 
tained in 3, m 1 instance in which this operation 
failed to give a good icsult the function was 
good aftci dilation of the meter but the unavoid- 
able discontinuance of dilation resulted in ure- 
teral stricture There was 1 death 
A study of the data on cases collected by 
Adams together with a senes collected by 
Fcineis yields several interesting facts 

Uieterovcsical anastomosis was done m 70 
cases In 8 (114 per cent) the result was con- 
sidcied to be perfect, a fair result (some residual 
stenosis) was observed in 38 (54 3 pci cent) 
In 21 (30 per cent) the icsult was a failure 
and m 3 (4 3 pci cent) the opeiation was fol- 
lowed by death of the patient 

In 30 cases ureteiouieteial anastomosis was 
performed In 21 (70 per cent) it yielded a 
successful icsult, m 6 (20 per cent), a failuie, 
in 3 (10 per cent) death followed the opeiation 
In 23 cases in which the uretei was ligated 
intentionally theie vveie two deaths, while in 
53 cases of nephrectomy' theie were only two 
deaths, an incidence of 3 8 per cent It would 
seem, therefoie, that when the kidney is to be 
sacrificed, nephrectomy is the bettei of the two 
procedures 

There vveie 25 cases m which th£ fistula was 
leported to have healed spontaneously How- 
ever, in 10 of these subsequent study showed 
the kidney on the affected side to have been 
destioyed Spontaneous closuie of a fistula m 
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these cases, theiefoie, should not be looked on 
with a great feeling of security 

Of the 255 cases in which secondary pio- 
cedures were earned out, death or removal of 
one kidney occuried ninety-four times 

Bilateral uieteial occlusion cannot go long 
unrecognized The symptoms aie anuria and 
gradually developing uremia Failuie to obtain 
urine fi om the bladdei m twelv e hours following 
a pelvic operation calls for immediate investiga- 
tion Should this investigation piove bilateial 
ureteral occlusion, immediate steps must be taken 
to establish urinary drainage In the present 
series, anuria was the first symptom noted in 16 
of the 17 cases The length of time that the 
anuiia was allowed to proceed before relief 
measures weie undertaken was from twelve 
hours to six days 

In these cases the primal v object is the imme- 
diate relief of the anuiia Theie are m general 
two methods of attack (1) l eestablishment of 
drainage of the uieteral tiact, (2) temporal} 
replacement of drainage above the point of mjuiy 
by either unilateral or bilateial nephrostomy oi 
ureterostomy 

Spasm — Lund and Zingale 23 discuss a syn- 
thetic hydrocaibon (methylammoisooctene) foi 
the lelief of ureteial spasm, reporting a series 
of 100 consecutive cases in which the drug 
was used 

In 80 cases there was obtained a varying 
degree of relief In 50 per cent of these relief 
was complete In 30 pei cent there was relief 
sufficient to cause the patient to feel comfoi table 
In the remaindei of the cases, 20 per cent, theie 
was no lelief In this last class are included 
patients that were having postcystoscopic colic , 
it was assumed that the causative factor, the 
radiopaque solution, had not been drained oft 
completely and lemained as an uritant In this 
class also aie those patients in whom a demon- 
strable foreign body was present 

In 8 cases, Lund and Zingale believe, the drug 
was instrumental in causing spontaneous passage 
of stones that were piesent 

There weie 2 patients with sensitivity' to the 
drug This sensitivity was manifested by' a 
feeling of hght-headedness and increased neivous 
irritability, and 1 of these expeiienced difficulty 
in sw'allow'ing These effects w'eie transient and 
occurred among unusually' appiehensive women 
There was no cumulative effect oi habituation 
This synthesized aliphatic hydrocarbon is a 
sy mpathonumetic diug and probably acts on the 
true sympathetic endings which are inhibitory 

1 h unt k H G, and Zingale, F G Sjnthetic 
rocarbon lor the Rebel of Uieteral Spasm, T 
50 65 67 (Juh) 1943 


to the ureters With the dosage used, side 
effects have been negligible The drug has been 
effective in ureteral colic due to stone, postcysto- 
scopic colic, ureteral spasm tollowmg pyelog- 
raphy and uieteral hypenrritabihty on a neuro- 
genic basis , it has assisted the passage of stones 
In Lund and Zmgale’s opinion it is a most 
effective ureteral antispasmodic 

Iiijii)\’ bv Radium — Smith and Leadbctter - 1 
icport 5 cases of ureteral obstruction following 
ladium treatment of the cervix or the vagina 
In 2 of these, microscopic examination of the 
meter and ot the adjacent vesical wall did not 
show any' cancer cells , in 1 instance the complete 
lcstoiation of the ureteral lumen following 
nephrostomy mav be accepted as proof that the 
obstruction was not directly due to cancer From 
the evidence at hand it appears that obstruction 
is caused much more frequently by radium than 
by' roentgen therapy It the obstruction involves 
the intramural portion of the ureter and appears 
to be due to late radiation effect rather than to 
infiltration bv cancer cells, temporary diversion 
of the urine by means of nephrostomy is indi- 
cated It the obstruction develops at a higher 
point, permanent urinary diversion by nephros- 
tomy or by uretei ostomy usually will be necessary 

BLVDDER 

Calculus — Nation s - reports a case of large 
vesical calculus in association with gigantism 
The patient, a 33 year old man, had had symp- 
toms for only a short period Fie was 6 feet 
4J4 inches (194 cm ) tall, with characteristics 
suggestive of gigantism A roentgenogram of the 
bladder icvealed a shadow S by 10 cm in the 
region of the bladdei and a somewhat smaller 
one below this Cystolithotomy was carried out 
and the stones lemoved The patient made an 
immediate operative recovery but died twenty 
day's later 

Abramson - Cn discusses the solution of vesical 
phosphatic calculi He i eports a case demon- 

24 Smith, G G, and Leadbetter, W F The 
Effect of Irradiation on the Lower Ureters, Tr Am 
A Genito-Urin Surgeons (1942) 35 195-203, 1943 

25 Nation, E F Large Vesical Calculus m Asso- 
ciation with Gigantism, California &. West Med 59 
167-169 (Sept) 1943 

26 ( a ) Abramson, D J Solution of Vesical Phos- 
phatic Calculi, J Urol 50 197-201 (Aug ) 1943 (6) 

Suby, H I , Suby, R M , and Albright, F Pioperties 
of Organic Acid Solutions Which Determine Their 
Irritability to the Bladder Mucous Membrane and the 
Effect of Magnesium Ions in Overcoming This Ir- 
ritability, ibid 48 549-559, 1942 ( c ) Subj, H I, and 

Albright, F Dissolution of Phosphatic Urinarj Calculi 
by the Retrograde Introduction of a Citrate Solution 
Containing Magnesium, New England J Med 228 Sl- 
91 (Jan 21) 1943 
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stiating the efficac) ot citnc acid-magnesium 
ovido-sodium caibonate solution (“solution G” 
[Suby, Subv and Albnght- Cb , Subv and 
Albright =cc ] ) m dissohmg a vesical calculus 
when surgical intei \cntion was contraindicated 
The patient was a man aged 64 yeais, who had 
noctuna, dysuna and urgcncv Cvstoscopic ex- 
ainiiiation re\ealed an enlaigcd piostate Supia- 
pubic c) stotomv was done and latei tiansuictlual 
resection The patient responded poorlv to sui- 
gical treatment In due time the supiapubic 
sinus closed At a latei date the patient had 
symptoms suggesting a -vesical calculus A loent- 
genogram showed a shadow 2 bv 3 cm in the 
region of the bladdei Because of Ins advanced 
age and the pooi condition of Ins heart, an 
attempt was made to dissolve the stone with the 
citric acid solution Irrigations weie started and 
continued for six days The washings contained 
a great deal of sediment On cystoscopy the 
calculus was found to be considerabl) reduced in 
size Later cystoscopy levealed that the calculus 
had disappeai ed 

Abiamson also discusses the proplnlaxis of 
vesical phospliatic calculi Stasis from whatever 
cause must be coriected Sulfonamide com- 
pounds have proved of some value in combating 
infections caused by Bacillus coli, Bacillus pro- 
teus or staph) lococci Other diugs include 
mandehc acid, mctheiiamine and ammonium 
chloride The acid ash regimen may be pie- 
senbed to render the urine acid and thus pi event 
precipitation of phosphates The urine should be 
maintained appioximately at pn 5 0 In the 
presence of a persistent alkaline infection, how- 
ever, the p n of the unne cannot usuall) be 
changed to the acid side Fluids, prefeiably 
distilled vvatei, should be forced The moie 
dilute the mine, the less chance tlieie is of 
precipitation occurring Vitamin A in laige 
doses is indicated Lavage with antiseptic and 
dilute acid solutions is of value The citnc acid 
solution is also effective in the treatment of 
alkaline inciusted cystitis 

Caicmoma — Priestley and Stiom 27 state that 
until recent yeais total cystectomy for carcinoma 
of the bladder usually had been employed only 
for the far advanced and so-called despei ate type 
Only for this type could the suigeon justify a 
procedure which was attended by so high an 
operative mortality rate Total cystectomy has 
been employed for the most part in cases in 
which many foims of tieatment had been tiled 
previously and m which all other measuies had 

27 Priestley, J T , and Strom, G W Total Cyst- 
ectomy for Carcinoma of the Bladder, J Urol 50 210- 
227 (Aug) 1943 


pioved to be futile Obviousl) this means that 
the giovv th is of long standing 

In these cases, legal ding a second objection, 
namel), the high immediate postopei ative moi- 
tality late, it has been obseived that the bladder 
can be lemoved completely with a leasonable 
moitahly late piovided piopei attention is paid 
to preopei ative and postopei ative caie as well as 
to the actual suigical technic If the operative 
moitahly late of bilateial uieterosigmoidostomy 
and total cvstcctomy can be kept within a leason- 
ablc limit, the application of this method of tieat- 
ment foi vesical neoplasm should become bioadei 
than it is at piesent, piovided of couise, one 
admits that iheie aie ceilain t)pes of cases foi 
which the operation gives the best chance of cuie 

Indications foi total cystectomy in the tieat- 
ment of caicmoma of the bladdei aie fai fiom 
standaidized This is tine largely because there 
is lacking expci lencc with a laige senes of cases 
in which opeiation has been performed a numbei 
of yeais picviousl), so that ultimate survival 
latcs could be ascertained m relation to the tjpes 
of lesion piesent During the last few )eais 
Pnestlev and Strom have employed total cystec- 
tomy in four main groups of cases with the hope 
of dctei mining as tune passes whether these in- 
dications are conccl These gioups of cases 
include (1) cases in which tlieie is great exten- 
sion of a low giadc neoplasm, (2) cases in which 
tlieie is icpcaled lccunence of a low grade 
neoplasm, (3) cases in which theie are multiple 
foci of ongin of the neoplasm and (4) cases 
m which tlieie is a high grade neoplasm which 
lemains confined to the bladdei so far as the 
best av ailable information, obtained bv both clin- 
ical investigation and exploiatoiy opeiation, 
show s 

The best ultimate lesults following total 
cystectomy probably will be obseived in the fiist 
tluee gioujvs of cases, as the high giade lesion 
is likely to iccui m one foi in oi anothei despite 
any type of treatment 

There is also anothei gioup of cases m which 
total cystectomy may be employed These aie 
the cases in which the neoplasm is sessile and 
involves the tngone and the base of the bladdei 
Often undei these circumstances some disposition 
must be made of the ureteis if the lesion is to be 
lemoved completely by any foim of theiapy 

The most satisfactory plan of pioceduie, m 
Priestley and Strom’s opinion, is simultaneous 
bilateial ureteiosigmoidostomy followed aftei an 
interval of two or thiee weeks by total cystec- 
tomy combined with removal of the prostate 
gland and the seminal vesicles One may trans- 
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plant each ureter to the bowel at a separate stage 
and remove the bladdei at a thud operation 
One of the factors which aie most impoitant 
in obtaining satisfactory 1 esults following uretero- 
sigmoidostomy is proper pieoperative piepara- 
tion of the patient Pnestley and Stiom carry 
out a piogram similai to that employed befoie 
resection of the laige bowel foi caicmoma This 
includes a regimen of prepaiation extending ovei 
a minimum of foui days Dm mg this interval 
the patient should leceive a lesidue-free liquid 
diet with supplements of hard candy and vita- 
mins Dui mg the hist thiee days of preparation 
a saline laxative is given m the morning and 
again in the evening One of the sulfonamide 
drugs which is effectne m 1 educing the bacterial 
content ot the gastrointestinal tract should be 
admmisteied m adequate doses eveiy two hours 
during the four days of preparation During the 
fust several days an enema of geneious size is 
given each morning and each evening During 
the last two days of prepaiation the lectum is 
irrigated with waim saline solution twice a day 
until the 1 etui ns are clear On the night pnor 
to operation the salme laxative and the rectal 
irrigation are omitted and 2 fluidiachms (7 4 cc ) 
of camphorated tmctuie of opium U S P is 
administered at 6 and at 10 p m , and aspiration 
of the rectum is conducted foi thirty minutes at 
the same tune On the day of operation 
2 fluidrachms (7 4 cc ) of camphorated tincture 
of opium U S P is given and rectal aspnation 
is conducted foi thirty minutes at 6 and at S a m 

Simultaneous bilateral ureterosigmoidostomy 
is then performed 

Following bilateral ureterosigmoidostomy, the 
lectal tube is kept m place for a week or ten 
days During this interval care must be taken 
that the tube does not become plugged Removal 
of the bladder is postponed until the patient has 
recoveied his strength fairly well and is able to 
be out of bed for a few days This usually means 
an intei val of approximately three weeks between 
the two operations 

Spinal anesthesia, often combined with mtia- 
venous admmistiation of pentothal sodium, is 
used foi removal of the bladder The patient 
is placed m the Trendelenburg position, and the 
bladder is exposed extrapentoneally through a 
loiv midline incision If there is no extension 
of the malignant process into the peuvesical 
tissues, the bladdei can be mobilized by blunt 
dissection for the most part Sharp dissection is 
employed where necessary Generally it is 
preferable to mobilize first the side of the bladder 
m which the neoplasm is not present by pushing 
the peritoneum back and dissecting aw r ay the 


peuvesical tissues down toward the base of the 
bladder 

By blunt dissection the seminal resides and 
the prostate are separated from the rectum and 
mobilized with the bladder d he bladdei then is 
freed upward anteriorly, and after complete 
mobilization, is held attached onlj b> the uiethra 
T his is seveied distal to the rerumontanum It 
is prefeiable for several reasons to remore the 
pioslate and the seminal resides along with the 
bladder If these are not remored, iccurrencc 
of the vesical neoplasm maj take place in the 
piostatic urethra, as oeemred in 2 of the earlier 
cases in the experience of Pnestlej and Strom 
Occasionally, if the growth in the bladder is 
situated m the legion of the trigone, it may hare 
pencil ated into the prostate, a condition which 
would make remoral of the latter desirable In 
addition, one may find an entircl) independent 
and unsuspected neoplasm of the prostate Re- 
moval of the bladder, seminal resides and 
prostate together can be accomplished more 
readily than icmoral of the bladder alone If 
one remoecs only the bladder and learcs the 
prostate and the seminal resides intact, dissec- 
tion around the base ot the bladder is more 
difficult and hues of clear age are less satisfactory 
than if the prostate and the seminal resides are 
lcnioved with the bladder Total crstcctoni) is 
easier in women than in men and does not 
piesent anv special pioblems when a woman is 
the subject 

Priestley and Strom recently made a rerierv of 
the records of 105 patients with carcinoma of the 
bladder on whom operation evas performed at 
the Mayo Clinic between 1910 and Aug 31, 
1942, inclusive, with a view to performing total 
cystectomy The operations rvere performed by 
seven different surgeons In approximately 1 of 
every 5 patients the growth w as considered to be 
inoperable, and exploration and biopsy alone 
were done In a group of 71 patients in whom 
urinary diversion was accomplished by various 
methods as a preliminary step to cystectomy, the 
operative mortality rate (hospital deaths) w r as 
23 9 per cent Of this group of 71, bilateral 
uretei osigmoidostomy w'as performed in 51, with 
a mortality rate of 15 7 pei cent In the remain- 
mg 20 patients, many of whom w r ere in unusually 
poor condition, unnary diversion was accom- 
plished by othei methods, with a mortality late 
of 45 0 per cent In 4 of the entire group of 
71 patients ureteral transplantation was per- 
formed as a palliative procedure, and 2 of these 
patients failed to survive the operation Of the 
patients who survived transplantation, cystec- 
tomy was performed m 52, with six deaths, or a 
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mortality rate of 11 5 per cent In addition, 
transplantation and total cystectomy vveie per- 
formed in one stage m 13 patients, with eight 
deaths, or a mortality rate of 61 5 pci cent 
It is of interest to review m contrast with these 
figures the experience of the past tliiec ycais 
During this interval ureteral transplantation has 
been performed in 29 patients, with one death 
Simultaneous bilateral uieterosigmoidostoim was 
the method of transplantation employed m 27 of 
these 29 patients Of the 2S patients who 
survived ui eteial transplantation and m whom 
cystectomy was accomplished, 1 died Ihus the 
operative mortality rate m 29 patients for both 
operations was 69 per cent In 5 additional 
patients ureteral transplantation and cystectomy 
ivere performed in one stage, with one death 
In all there were 51 patients who sunned 
total cystectomy for caicinoma ot the bladdei 
Of this group, 26 have succumbed since opera- 
tion, and 15 of these died within the first post- 
operative year, the remainder died at mtcivals 
ranging from one to six and a fourth years after 
operation The cause of death was ascertained 
for 20 of the group of 26 patients Metastasis 
was the cause m 16, in 4 death resulted from 
renal failure A renew of the records of the 
patients who died of metastasis reveals a fact 
which appears significant In 13 of this group 
extension of carcinoma beyond the bladder either 
to the perivesical tissues or to the regional lymph 
nodes was noted at the time of operation 
Because of this fact it appears unwise to perform 
cystectomy if the growth has extended beyond 
the bladder in such a manner that its complete 
removal is questionable Of the group of 51 
patients who survived cystectomy, 24 are still 
alive and 1 could not be traced 
Abeshouse and Goldstein 28 review S9 reported 
cases of primary malignant neoplasm m a 
diverticulum and add data on 4 personal cases 
They state that primary neoplasm m a divertic- 
ulum is essentially a disease of men and occurs 
most frequently between the ages of 50 and 65 
years The growth may be benign or malignant 
and closely simulates that originating m the 
bladder The most common tumor observed is a 
carcinoma of epithelial origin, either squamous 
cell or papillary carcinoma The most common 
and most important symptom is hematuria 
Other symptoms frequently noted aie those asso- 
ciated with infection of the bladder and the diver- 
ticulum or obstruction of the vesical neck 

28 Abeshouse, B S , and Goldstein, A E Primary 
carcinoma in a Diverticulum of the Bladder A Report 
of Four Cases and a Review of the Literature, J 
Urol 49 534-557 (April) 1943 


Cystoscopy and cystography aie important 
diagnostic aids The diagnosis is made easily m 
cases m which a portion of the tumor protrudes 
lino ugh the onfice of the diverticulum and can be 
seen thiough the cystoscope oi in which the 
tumor can be visualised ducctly when the 
cystoscope is intioduccd into the diverticulum 
In the divcrticulogiani bleeding from the orifice 
of the diverticulum and filling defects are 
slrongl} mdicativ e of a tumoi 

Eveiy diverticulum obseived at operation, 
regai dless of its cause, should be exposed and 
inspected cai efully, and if suggestive of cancerous 
giowth, it should be removed The diverticulum 
containing the neoplasm may be also the seat 
of infection or of a stone Lesions of the urinary 
tract are fiequent complications of this con- 
dition 

Smgical ticatment has been far from satis- 
factory but }ields bcltci lesults from the 
standpoint of symptomatic lehef and cure than 
nonopcrativc treatment The operation of choice 
is excision of the diverticulum and tumor by the 
suprapubic intravesical oi extravesica] method oi 
a combination of the two Patients who have 
extensive local oi general metastatic growths or 
severe infection of the ui inary tract and those 
who are poor surgical risks should not be sub- 
jected to radical operative treatment The prog- 
nosis is bad, as relatively few cures are reported, 
and the majority of patients succumb within two 
ycais after operation 

Ruphnc — McCague 29 discusses the factors in- 
fluencing mortality and moibidity m patients 
with mtrapelvic rupture of the urethra and 
bladder The incidence of urethral injury due 
to external violence is not high The incidence 
of traumatic rupture of the urethra and bladder 
that occurs as a complication of fracture of the 
bony pelvis is somewhat higher in the Pittsburgh 
district than m any other area recorded in the 
literature — this by reason of the large numbers 
of men employed m the heavy industries, espe- 
cially the coal mines and the steel mills Fifty- 
two cases of pelvic fracture were encountered 
by McCague from January 1940 to May 1942 
Five patients suffering from rupture of the 
urethra and bladder complicating pelvic fracture 
have been admitted to McCague’s service since 
Pearl Harbor All the injuries except 1 were 
due to industrial accidents Such an injury 
sustained m a coal mine is usually the result of 
the patient’s being crushed between the mine 

29 McCague, E J Factors Influencing Mortality 
and Morbidity in the Intrapelvic Ruptures of Urethra 
and Bladder, Tr Am A Gemto-Unn Surgeons (1942) 
35 307-316, 1943 
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timbers and a coal car 01 of his being bulled 
beneath a fall of slate The damage is violent 
and mutilating, usual!) theie are multiple frac- 
tures of the pehis, mtiapelvic rupture of the 
urethia and bladdei, frequently associated vis- 
cel al injuries and shock so piofound that man) 
of the patients die (23 per cent) before 01 in 
spite of all remedial measures 

Diagnosis may be difficult With late excep- 
tions the patient is admitted m profound shock , 
there are extreme pam on movement and in- 
ability to move the legs, which geneially are 
lotated outward The patient is unable to void, 
and blood may be seen trickling fiom the meatus 
Palpation of the iliac ciests and compiession of 
the pelvis cause gieat pam, and ciepitus usually 
can be elicited The urethia generally is seveted 
and displaced posteriori) , the lectum is com- 
pressed and a tendei boggy mass mar be felt 
and bony defoinuty outlined Perineal and 
scrotal ecchymosis 01 h< matoma mar be pi esent 
Unless theie is an associated lupture of the 
bladdei, these patients do not e\ti a\ asatc utmc 
early, owing to the leflex action ot the sphincter 
If there is an associated luptme of the bladder, 
there is marked tenderness m the lowei pait of 
the abdomen, usually over the site of the luptme 
and the rapidly dev eloping hematoma pioduces a 
palpable tendei mass, enlaiging and distorting 
the lowei pait of the abdomen Theie is nearh 
always traumatic ileus, which makes the diag- 
nos’s of mtrapentoneal luptuie of the bladdei 
01 visceral injury difficult As a lule, howevei 
mtrapentoneal injuries aie more diamatic than 
extraperitoneal injuries, theie aie gi eater shock, 
a rigid boardlike abdomen, absence of penstalsis 
and great tenderness, whei eas in extraperitoneal 
rupture of the bladder tenderness is more maiked 
in the lower part of the abdomen In McCague’s 
opinion, the passing of a catheter in these cases 
is rarel) indicated, and the information gamed is 
misleading and unreliable 
In McCague’s opinion, refinements of diag- 
nosis are larely necessary for intrapelvic luptuie 
of the urethra and bladder They have little oi 
no influence on the management, and the un- 
necessary movement and manipulation of a badly 
fractured pelvic girdle may mciease the gravity 
the condition The delay necessaiy and the 
'*■'0031 trauma ma) be factois m mortality 
alimentation of any sort is definitely conti a- 
idicated m these cases 

The major cause of death in the patients with 
intrapelvic injuries who survive the pumaiy 
injury is urinary extravasation and sepsis 
Among those that have an mtiapentoneal com- 
plication, i e , mtrapentoneal luptuie of the 
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bladdei and associated viscei al damage, the cause 
is uunai) extravasation and peritonitis 

The mam causes of moibidity are failure of 
eailv pi eseivation of the continuity of the 
ui etln a, causing long-standing complications diffi- 
cult to conect, formation of calculi with grave 
damage to the urinary tiact unless prevented, 
loss of sexual power, due to injury of the nerve 
supply ot of the cavernous bodies, and early infec- 
tion of the ^oft parts of the pelvic cage with 
secondan involvement of the bony structures 
"McCague stresses the importance of immediate 
pt eseivation of the continuity of the urethra 
Failure to do so icsults in serious complications 
Theie is a laige gap between the torn ends of 
the uicthia This space js filled with fibrous 
tissue, making extensive second u\ operations for 
the coircction of the defect nectssarv — pro- 
ceduies that are difficult and not alwavs satis- 
factory in accomplishment 

McCaguc has not iesoitcd to sutures and 
anastomosis in these cases it is not neccssarv 
and lengthens the opeiation The retrograde 
splinting of the entire uiethra with the legs in 
extension has been sufficient sot approximation 
and epithehxation 

Foimation of calculi is fairh common m this 
gioitp In uason of the matked increase ot 
uimaiv exaction of calcium, the stasis and the 
infection as well as the prolonged rest in bed 
Measuies to pi event this complication are 
maintenance of the urinary p R on the acid side 
high acid ash diet, acidifying medication, frequent 
elevation of lenal level and administration of 
laige quantities of fluids 

In McCague’s clinic the foimation of stricture 
has been encotinteied more frequentlv in the 
straddle mjunes than in intrapelvic ruptures 
Penodic dilation is neccssaiv 
Impotence occuis as a complication m a small 
numbei of these cases, owing to injury of the 
nerve and blood supply oi of the cavernous 
bodies 

Divatuida — Llanos 30 states that the majoritv 
of the divei ticula of the bladdei are congenital 
but that some aie produced by obstiuction to 
ruination of long standing oi aie, at least, small 
congenital diveiticula that did not exhibit any 
symptoms until they were enlaiged because ot 
ui inary obstiuction, the pedicles becoming nai- 
lowed and elongated, lesulting in conditions that 
produce moie oi less accentuated distui bailees 
The senousness of the divei ticula depends in 
laige measuie on then location Those of the 
posteuoi wall — immediately^ behind the trigone — 

30 Llanos, M 4. Dnerticuh of the Ehdder, J 
Urol 49 628-638 (May) 1943 
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a pathognomonic appeal ance m the original films 
The shining light leficctcd from the individual 
gas-contaming cysts on cystoscopy is so char- 
actenstic as to be unmistakable for any othei 
condition The tiansicnt natuie of the condition 
probably accounts foi its larc description 

Vesicovaginal Fistula — Valine 11 discusses 
transvesical (suptapubic) closure of a vesico- 
vaginal fistula The bladdei should be opened 
supiapubically, disclosing the fistula, which is 
usually a little abo\c the vesical neck In one 
of the cases m which Valine operated, the fistula 
was parallel to a line drawn from the vesical 
neck to the onfice of the right ureter 1 lie orifice 
of the left ureter was icti acted lie resected the 
fistula and repaued the vesicovaginal fistula, 
suturing the vesical and vaginal walls separately 
Uretcial catheters wcie placed m the ureters 
Twelve days aftci this operation the patient 
voided normally without a drop of vaginal leak- 
age Ihc anterior vaginal wall lcgamcd its 
elasticity and did not picscnt any cicatricial /one 

The operation usually comprises the following 
steps (1) suprapubic expostne of the bladder, 
(2) suprapubic cystotomy and introduction of 
vesical rctiactois, (3) resection of the fistula, 
(4) icpair of the vaginal wall, (5) closure of the 
vesical wall, (6) uretcial catheterization and 
closuic of the bladdei A sterile glass lube is 
intioduccd into the vagina up to the cervix, so 
as to obtain a solid base and also to fix the 
tngonal aica Aftci the bladdei has been opened, 
and the rctiactois have been introduced, the 
fistulous tract is caiefully excised The excision 
is followed by the sepatation of the bladder and 
vaginal walls, which aic sutuicd separately lhe 
- uieters then aie cathetenzed with catheters the 
ends of which have been cut and which arc 
nseited to a distance of 12 cm above the ureteral 
jufices The catheters then are removed, and 
the bladder is closed 

Ncwal Lesions — Smith and Stiasbeig 35 in- 
vestigated 50 cases of neuiogcmc and cord 
bladder Contraiy to the common belief m 
urologic literature that dilatation of the uictci 
and renal pelvis accompanies neurogenic and 
cord bladder, they did not encountei a single case 
of dilatation of the meter and lenal pelvis Tests 
of renal function applied to the gioup did not 
demonstiate any impairment of function Forty- 
four of the group were patients suffenng from 

34 Valme, W Transvesical (Suprapubic) Closure 
of Vesicovaginal Fistula, J Urol 50 40-41 (July) 
1943 

35 Smith, E, and Strasberg, A The Upper 
Urinary Tract in Cases of Neuiogcmc Bladder 
Preliminary Communication, J Urol 49 803-807 
(June) 1943 


syphilis (Wassermann reaction of the spinal fluid 
positive) , the remaining 6 included patients who 
had tiansection or tumor of the spinal cord, 
tumor of the frontal lobe, epilepsy, cerebral 
artentis or subarachnoid hemorrhage Smith and 
Strasberg define a disturbance of the bladder as 
neuiogcmc when in the absence of any’ urethral 
obstruction the line on the graph definitely 
deviates from the normal, cither toward a 
horizontal position, (an atonic bladder) or 
toward a vertical direction (a hypertonic 
bladder) A cystomclrograpluc study was made 
on each patient In the series 3 had hypertonic 
and the remainder cither hypotonic or atonic 
bladders The syphilitic patients were m the 
last classification, and this was subdivided fur- 
ther into those with early, prcclinical hypo- 
tonic bladders and those with inert, atonic 
bladders and long-standing urinary retention, 
ns evidenced by a fiat curve In approximatclv 
50 per cent the residual urine amounted to 
from 30 cc to almost the entire amount col- 
lected 

FKOSTATL 

Caicinoma — Colston 30 made a study of the 
radical operations for carcinoma of the pros- 
tate perfoimed in the Brady Urological Insti- 
tute during a five vear period, to determine the 
percentage of cases suitable for radical operation 
out of all cases of carcinoma of the prostate 
encountered m the institute 

Ihcrc wcie 4 who died in the hospital m the 
scries of 73 patients operated on — a mortality’ rate 
of 5 5 per cent Of 43 patients for whom the 
prognosis was good, 41 arc living and well with- 
out evidence of recurrence or metastasis Of 26 
patients for whom the prognosis was poor, 8 
are living and well from three months to five 
years aftei operation 

Intensive follow-up of all patients who had 
caily cancel of the prostate and on whom 
Young’s radical operation was performed 
showed that more than 50 per cent were free 
fiom i eminence or metastasis from five to 
twenty -seven years after leaving the hospital 
A study' of the postoperative functional results 
was also earned out on the 69 patients who 
compnsc this senes In 49 the functional re- 
sult was excellent, all having complete urinary 
conti ol The iesult was classified as fair in 
11, who noted occasional slight leakage during 
the day, and m 8 the iesult was evaluated as 
pool, since some foim of apparatus was neces- 

36 Colston, J A C Carcinoma of the Prostate 
A Study of the Percentage of Cases Suitable for the 
Radical Operation, JAMA 122 781-7S4 (July 17) 
1943 
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a pathognomonic appeal ancc in the original films 
The shining light lefiected fiom the individual 
gas-containing cysts on cystoscopy is so char- 
acteristic as to be unmistakable for any otiiu 
condition The tiansicnt nature of the condition 
probably accounts foi its lare description 

Vesicovaginal Fistula — Valine 5 1 discusses 
transvesical (suprapubic) closure of a vesico- 
vaginal fistula The bladdci should be opened 
suprapubically, disclosing the fistula, which i' 
usually a little above the vesical neck In one 
of the cases in which Valine opeiatcd, the fistula 
was parallel to a line drawn fiom the vesical 
neck to the oufice of the right uretci 1 he orifice 
of the left ureter was ictractcd lie n seeled the 
fistula and repan ed the vesicovaginal fistula, 
suturing the vesical and vaginal walls scpar.it civ 
Ureteral catheters w'Crc placed m the ureters 
Twelve days aftei this operation the patient 
voided noimally without a drop of vaginal leak- 
age The antenoi vaginal wall regained its 
elasticity and did not present any cicatricial /one 

The operation usuall) comprises the following 
steps (1) suprapubic exposure of the bladder, 
(2) suprapubic cystotomy and introduction ot 
vesical retiactois, (3) resection of the fistula, 
(4) repair of the vaginal wall, (5) closuic of the 
vesical wall, (6) ureteral cathclcri/alion and 
closuic of the bladder A steule glass tube is 
introduced into the vagina up to the cervix, so 
as to obtain a solid base and also to fix the 
trigonal area Aftei the bladder has been opened, 
and the retiactois have been intioduccd, the 
fistulous tract is caiefully excised The excision 
is followed by the sepaiation of the bladder and 
vaginal walls, which are sutured separately 1 lie 
ureters then are calhetemed with catheters the 
ends of which have been cut and which aic 
inserted to a distance of 12 cm above the uietcial 
orifices The catheters then aic removed, and 
the bladder is closed 

Neuial Lesions — Smith and Sti asberg in- 
vestigated 50 cases of neuiogcnic and coid 
bladder Contraiy to the common belief m 
urologic literature that dilatation of the uictci 
and renal pelvis accompanies neurogenic and 
cord bladder, they did not encounter a single case 
of dilatation of the ureter and lenal pelvis Tests 
of renal function applied to the gioup did not 
demonstrate any impairment of function Forty- 
four of the group were patients suffeung from 

34 Valme, W Transvesical (Suprapubic) Closure 
of Vesicovaginal Fistula, J Urol 50 40-41 (July) 
1943 

35 Smith, E , and Strasberg, A The Upper 
Urinary Tract m Cases of Neurogenic Bladder 
Preliminary Communication, J Urol 49 803-807 
(June) 1943 
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(. <n< n.oti’t 1 — Colston : made a s'udv ot tie 
t idic.il opcritions for ornncip o' the p^o. 
tite puloimtd m tne Drutv Lrologicd Insti- 
tute during a five vi ir period, to determine the 
percent'”! ot else' suit dt'v uu r.' die il operation 
out ot all cises oi t lrcmom t of the prostate 
cneountcied m the institute 

There were 1 who died in the hospital in the 
sei ics of 73 patients optr tted on — i mortiltt) rate 
ot 5 5 per cent Ot 13 piticnts tor whom the 
prognosis was good, 41 are living and veil with 
out evidence of recurrence or metastasis Ot 26 
patients for whom the prognosis was poor, 8 
aic living and well from three months to five 
vears aftei operation 

Intensive follow-up of all patients who had 
eailv c, nicer of the prostate and on whom 
\oung’s ladical operation was performed 
showed that more than 50 pei cent were free 
from icciurcncc or metastasis from five to 
tw cut) -seven veais after leaving the hospital 
A study of the postoperative functional results 
was also earned out on the 69 patients who 
compnsc this senes In 49 the functional re- 
sult was excellent, all having complete urinarv 
contt ol The lesult was classified as fair m 
11, who noted occasional slight leakage during 
the day, and in S the lesult was evaluated as 
pool, since some foim of apparatus was ncces- 

36 Colston, J A C Carcinoma of the Prostate 
A Study of the Percentage of Cases Suitable for the 
Radical Operation, JAMA 122 781-784 (July 17) 
1943 
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san during the dax and m ^omc instances tim- 
ing the night 

Herb st discusses histopathologic studies of 
prostatic cai cinoma undci endocrine ticalnicnt 
He concludes tint fiom the mtei oseopic stand- 
point no changes occm that aic chamctciiMic 
of am modification of carcinoma of the piostate 
cells as ohsened with piesent methods of stain- 
ing Tim stud} suggests the ntcesMta tot fm- 
tlier interest and c\pcrimcnt.\tion with cutam 
biochemical staining methods m an attempt to 
bring out changes, if tlic\ c\ist, so that tlicx 
can he rccogmrcd 

Quuiland presents a stnd\ of vl eases of 
cancer of the prostate in Negroes 'Hu patunts 
ranged in age from 12 to 106 xcars 1 he axci- 
age age of the patients on whom operation was 
performed was 60 xeais, while the age oi those 
on whom necropsy was performed axernged 70 
xears One pitient on whom piost itectoim 
was done for cancer undu went nephrectoim 
for nephrolithiasis three xcars and four months 
later and is nine and working lorn xcars and 
eight months aftci the pio«t itcctomx Canen- 
ous growths ranging from minoscopic inclu- 
sions to a huge mass oi 720 Gm weic studied 
with the disclosure that c\tcnsnc and gtnci d- 
17 cd metastatic growths were mote frequent 
with the scirrhous txpc of carcinoma than with 
other t}pcs The 18 per cent muck nee m this 
collection is comparable to pci callages icportcd 
from other clinics 

Henhne,“° in discussing c ircinoma of the 
prostate, states that there arc three general re- 
gions w ithin the prostate w Inch max he m\ olx ed 
m a pathologic process and three mam tapes of 
prostatic disease It is usual for each tjpc of 
pathologic change, at least during its inception, 
to limit itself to a particular icgion, but anj 
combination of these distinct entities may 
coexist 

The two lateral lobes, usually rcfcncd to as 
the functioning prostatic glands, arc the scat 
of prostatic infections Bacteria may invade 
the deep recesses of these toituous glands m 
the lateral lobes and produce acute or chiomc 
prostatitis or a prostatic abscess, or the lobes 
may he the seat of endogenous proslalic calculi 
According to recent investigations, the function- 

37 Herbst, W P Histopathologic Studies in Pros- 
tatic Carcinoma Under Treatment by Castration, the 
Injection of Diethylstilbcstrol or Both, Tr Am A 
Gemto-Urin Surgeons (1942) 35 337-343, 1942 

38 Qumland, W S Cancer of the Prostate A 
Climcopathologic Study of Thirty-Four Cases in 
Negroes, J Urol 50 228-236 (Aug ) 1943 

39 Henline, R B The Diagnosis and Treatment of 
Early Carcinoma of the Prostate, J A M A 122 785- 
789 (July 17) 1943 


mg pontons of these lateral lobes aic raicly the 
site of ongni of either piostalic Inpeiplasia or 
cancer 

Ihpciplasia of the prostate develops just be- 
neath tin methra Doming and Wolf in a recent 
Mud\ of 210 pi (States showed that hjpciplasia 
is seen firat as a fihi omuscnlai mass in the mus- 
cular xx all of the pioslatic methra, xxhich lies 
close to the me tin i 

Cti cinoma dex clops as a distinct pathologic 
process in tin piostate and is not iclatecl to 
either infection oi hvpciplisia of the piostate 
Caicmoma usuallx dex clops in the posterior 
lolic a region raielx, if c\ei, afiected In either 
infection or lnptrplasia 

C u cinoma ot the prostate dex clops in approxt- 
mitclx H pci cent ot men pisl SO xeais of 
ige Ihe incidence mere vses xxith adxancmg 
xeits When it is consulted tint 1 m exerx 
7 men j-ist SO xeais ot age has carcinoma of 
the piostati, tlte importance of this lesion in 
ldxaiteittg \ c u s heeomes ipparcnt It also be- 
comes ohxious tint nnnx piostalic cancels must 
piogiess slow |x , otherwise e^temne caicino- 
matosis uid de ith from prosiatic circmoma 
xxould he .ui cxen mote fueptent finding among 
eldeilx men th m it is 

Ihe most common site of origin of caicmoma 
oj tile prost ite is the posteuoi lobe This lobe 
is the pen lion oi the gland posteuoi and postero- 
lateral to the fm-sliapcd ducts xxlueli enter the 
sides of the urethra 1 he function of this lobe, 
if am, is unknown, and it remains dormant 
fienn hnth until senile changes oceui 

Deleetiem ot the ptesence of eailx eai cinoma 
of the piostate dex olx es on the phxsiciau xvho 
examines patients pci loditulh foi then general 
health Cat cinoma maj lie confused with fibio- 
sis 1 he age of the patient may tend to 
tclicxc one’s suspicion of a malignant lesion 
3'ibrosis ftcqucntly is somewhat less hard than 
a malignant lesion One may also confuse an 
eaily malignant lesion xxith piostalic calculi 
The lattci may he located so neai the capsule 
that differentiation by palpation is impossible 
Roentgenologic examination will aid in making 
the diagnosis of calculi 

When a suggestive nodule is palpated in the 
piostate, Ilenlme advises a peiincal exposuie in 
oidei to take a specimen of the nodule for 
biopsy 

Henline states that “complete prostatectomy” 
refers to the removal of the entire prostate with 
its capsule and the cntne piostatic methra 
Such complete lemoval is necessaiy to eradicate 
the disease and can be done only by the peimeal 
approach The line of cleavage which permits 
hyperplastic prostatic tissue to be enucleated 
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suprapubically lea\es behind the entire posterior 
lamella from which most cancerous growths 
arise Transurethial resection also removes the 
hypci plastic tissue but the so-called capsule, 
which is the posterior lamella ot tissue, is of 
necessit} left behind Thus, if carcinoma is not 
tound m the tissue remoced eithet bj supra- 
pubic prostatectomy or by transurethial resec- 
tion, there still is no assurance that carcinoma 
of the prostate is not piesent Ilenlme has had 
several patients who sought relief after each 
ot these operations because ot carcinoma ot the 
prostate m the portion ot the gland left behind 
Sat coma — Melicow , Pclton and Fish 40 re- 
ported 4 cases of sarcoma of the prostate 2 ot 
fibrosarcoma, the patients being aged 34 and IS 
years , 1 of rhabdomc osarcoma, the patient being 
aged 16 )eais, and 1 ot lcticulum cell sarcoma 
The symptoms were as tollows In case 1 
(spindle cell hbrosaicoma) thete weic acute 
retention, rectal tenesmus and presence of a 
-•suprapubic mass The piostate was laigc, firm, 
stic in areas but not tcndei In case 2 (pleo- 
irplnc fibi osarcoma) there were chills and 
\ei, acute retention, lumbar pain on the lett 
side and loss of weight The piostate was 
marhedlj enlarged, sj mmetric, boggy and tender 
In case 3 (rhabdomj osarcoma) there were 
pei meal pain and acute retention The prostate 
was enlarged, smooth, paitiall) fi\ed but not 
haid In case 4 (leticulum cell saicoma) there 
were tiequency of unnation, nocturia and acute 
letention The lett lobe of the prostate was 
enlarged, sott and boggj but not tender 

The patients all died In case l (spindle cell 
fibi osarcoma ) death occurred eight months after 
onset of sc mptoms and sec en months after opera- 
tion and ladiothcrap) In case 2 (pleomorphic 
fibrosarcoma) death occuired two months after 
onset of symptoms and five weeks aflci opciation 
and ladiotherapy In case 3 (rhabdomyosar- 
coma) death occuried one year after onset of 
symptoms and tevo months after the first opera- 
tion and implantation of radon seeds In case 4 
(reticulum cell sarcoma) death occurred six 
months after onset of symptoms and four months 
after the first operation and radiotheiapy 
A reviecv of the literature shows the following 
facts 1 Sarcoma of the prostate is lare Its 
incidence evas approximately 1 m 1,000 prostates 
removed for “benign hypertrophy" oi for car- 
cinoma 2 About 200 cases of sarcoma of the 
prostate have been reported to date 3 While 

40 Melicow, M M , Pel ton, T H , and Fish, G W 
Sarcoma of the Prostate Gland Review of Literature, 
Table of Classification, Report of Four Cases, J Urol 
49 675-707 (Mav) 1943 


saicoma oi the prostate tends to be a disease of 
couth and carcinoma a disease ot Liter decades, 
ncc erthcless in rate instances carcinoma (mualh 
one ot the anaplastic tjpts; docs occur earlier 
than the fourth decade, and sarcoma (usual!) 
leiom) osaicoma or h mphosarcoma ) mac occur 
sometimes m the fifth to eighth decades 1 Sar- 
coma of the prostate dectlops msidiousl) and 
painless!) but soon grov <• rapidly , breaking all 
barriers and causing obstruction Operatic e pro- 
cedures, except tor the icmocal ot obstruction 
eccn accelerate the piocc^s, radiothcrapc otten 
gnes relief 

Rejection — Emmett *’ states that it has been 
demonstrated tint tr imurcthnl reaction prop- 
er!}, done can care tor am and all tv pcs Oi 
obstruction ot the c estcal neck and that the func- 
tional results will be as good as or better than, 
those produced be open tepes oi operation 

Various instruments Ivnc been designed m the 
past for transurethral resection One be one thee 
gradual!) hare been discarded until todae t" o 
chief tepes remain in use These arc (1) tne 
wire loop, actuated with a high trequetice cutting 
t)pc of electric current and associated with ? 
iorobliquc tclcscopie lens astern, and (2) the 
cold punch instrument, which cuts with .a colu 
tubular knife and does not haee am telcscoov 
equipment Adequate and sutistactore oj orations 
can be done with either of these instruments n 
the surgeon is trained sufficient^ m their u~e 
Each instrument his its adeantnges and its dis- 
achanlagcs The McCaith) rcsectoseope with its 
telescopic lens s\ stem turni-hcs a larger field oi 
\ision than the cold punch instrument anc 
supplies moderate magnification of the operatic e 
field The cold punch, on the other hand, allows 
onlj a rehtncle small field of msioii, so that the 
instrument must be rotated through an arc ot 
360 degrees if one is to visualize the entire 
circumference of the prostatic urethra To men 
trained in tins t\pe ot direct ccstoscopc howceer, 
the limitation dcsci ibed does not present an) par- 
ticular problem, and any disadvantage is offset 
bv the fact that m the presence of sharp bleeding 
the view is much clearer than that obtained w ith 
a lens instrument 

Experience at the Idac o Clinic with a large 
number of resections indicates that loev spinal 
anesthesia is the anesthesia of choice Procaine 
hydiochloride is used m doses of 70 to 90 mg 
dissolved m 2 cc of spinal fluid and is injected 
through the third or the fourth lumbar inter- 
space This yields sufficient anesthesia in the 

41 Emmett, J L Transurethral Resection with the 
Cold Punch Operatic e Technique, J Urol 49 815-839 
(June) 1943 
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region ol the pro-gate lor at lcnxt M\t\ minute 1 -, 
winch i*- the maximal length of time am rc*-atinn 
should take Resection oi small amounts oi 
tissue or secondan resection oltcn can Ik dont 
while the patient is under mtr i\tnom me-glit m \ 
At the Mato Omit the use of tiuissut il md 
caudal anesthesia lias been thscoiniiiucd m these 
ca c cs because p.np.Mii and oci aMomlh -.tunic 
reactions itoin the i ithei rimrotis amount of 
procaine hvdrochkuitic unploud hate Iven 
nttnot imr 

1 lie uni uncle- o. l.iiimit:' 1 ptpn is limit'd 
to a cOiisidcr nion oi the teehinc emploted m 
. iraiMire’hr.al j lO'-tat’c resection ttith the told 
punch 

N me it j.ei cent ci ill (iiflieultt t nconnte re el 
m jossnier instruments through the mile lire tin i 
v Inch is no tne site m \ Mi h .me is < nco.nikre el 
at the aj e' < *i ’he pios.ate W hi " tin oi m is 
cnbrgtd lit i hu.ign oi i m dr unit "lo'tth tli< 
chance e.j ehf.icaltt ,i ms logon ,s me.ei td 
ma.it'tnld io imm! tiro,-- <u.ee ion whilt 
introducing tie rc'icio-cti] t < ,ie must he e - 
trcniclt gentle no slot, m one - imaipti' itite 
motions \ finite . mt. educed into tin .ulnn 
as a euiejc oitcn a ill dim the suro.i'i to ippn- 
ente the situ 1 1 if »n v \ m limen •-ound cire- 
fullt introduced mat ,< tln.i > r< uclo-coo' 
fill not, >s the cuitc ot the muid more close!, 
simulates tint oi the i ie.hi 1 

The actual mtrhuna ot cutting tissue t ith the 
cold puncli i« quite simple dtliougii tin n ne a 
iCtt refinements of .eeiimc v Inch ire heljmil to 
knot \\ un the tubular 1 line in the closed 
position and the water mlct open one ohsertes 
die portion of tissue to lie cut J he Knite blade 
is then opened its entire distance (unless foi 
some reason a shorter bite is de c n(d) and the 
rescctoscopc is aelt meed sufficient!) to illott 
the tissue to enter the fmcstri An attempt m 
made to fill the lumen ot the rescctoscopc almost 
completcl) with the tissue so that the piece of 
tissue cut will be of generous si/c The Knife 
is then thrust forv ard, cutting oft the piece of 
tissue When the knife is opened again, the 
piece of tissue will be dislodged and in most cases 
"ill fall iree into the bladdei 

An adequate supply of sterile water is csscn- 
bal in transurethral resection The source of 
water should be sufficiently high to allow the 
water to (low rapidly and adequately through the 
resectoscope, keeping it free of blood, so as to 
allow clear vision 

Many of the complications that follow trans- 
urethral resection can be attributed directly or 
indirectly to excessive loss of blood For this 
reason it is imperative that hemostasis be main- 


tained ns pei fcetl) ns possibh With tlu actuated 
loop t)pc of reaction, some hemostasis is secured 
with each cut With the cold punch, each cut is 
mirk with a cold knife, and hemostasis must he 
second miIjm quenth b) fulgmation of individual 
like dmg points with the fulgurating olectiodc 
1 n<-s oi hleioel mat ocem dunng opeiation and 
iltei opei it mn j lie pel itxls are cejualh linpoi- 
t mt \ good i tile to follow is to control the 
like diii<’ r tanU well in am region before pro- 
ve t thug to mother 

It is i liuh common cxpeiicnce foi the 
singe on to note in the coiiim of a resection tint 
tlu w mb v ite i tout mis a 1 irge amount of blood 
•nd ut not In lbh to <=<c where the blood is 
tomm” lrean 1 lie bleeding ctcntinll) v ill be 
lomid to be coming Horn one or two large bidden 
spnitni"- \e sstl* Jbi) .ire lndelcn usu ill) b) a 
j.’tet ot tuMit vim b is situated near the ape % 
i be mosi (ommon site lor tlie c e poorl) ustinlwed 
hit ten, i” p>>mt- n in tlu anterior sictoi near the 
, t s \ sm ill * roll' ot .’duHimatous tissue 
sitnSid -><1 ire e lit to tin cMtrnil sphincter urn 
ob-uirt tin o'lgm oi tile bleeding u <->-(] com- 
{<!ettK Wht nt ni siieli .i situation is cncotin- 
teied tlu snrgt e.n shoukl itnioec the fjhstrtictmg 
tissue it tlu tp' fjmel h s f) tbit he has an un- 
til* tine ted un til tlu entile legion of resection 

I h» sunt oi good Iiunost isjs m general sur- 
"it i! prietin is idtepiite exposure 'Jins is 
equilh tint m tr uisiiietlual operations I here 
is nothing more diflieult thin to coctnc adequate 
lie most *sis in m nitgulir, meeini])lctel) resected 
prnst >tu methra m which there arc alternate 
projections and de prcssions \dcquatc exposure 
of the walls of the prostatic urethra, leaaing a 
smooth, umntcrrupteel surface, penmts complete 
md ncctnatc Msuah/ation of all bleeding vessels 

Control of arterial bleeding usuall) does not 
pie cent an) difficult) The same may be said of 
bleeding from small oi model atc-si/ed veins 
1 here is usuall) no difficult) in identifying the 
location of these veins unless there is some 
mechanical interference, such as icmaining 
nodules of tissue, that obslmcts the surgeon’s 
vicw r 1 his is not true, however, in the case of 
bleeding from large veins and venous plexuses 
This type of bleeding is encountered when the 
lesection is cairied a little too deeply into the 
prostatic “capsule” or when the trigone is 
elevated or the muscle fibers at the vesical neck 
are incised too deeply No “spurting” vessel is 
seen There is rather a “welling up” of dark 
venous blood from a more or less deep cavity 
In many such cases persistent fulguration tends 
only to enlarge the cavity and increase the hemor- 
rhage Another variety of severe venous bleed- 
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mg occurs in cases in which it appears as though 
definite coarse fibers of the piostatic “capsule” 
have been exposed and a “sheet” type of bleeding 
occurs from between them 

If the postenoi vesical lip has been cut so 
deeply that the trigone is separated fiom the 
vesical neck or becomes elevated, severe venous 
bleeding may occur from underneath the trigone 
When one is examining this legion, pressuie 
with the heel of the resectoscope may tend to stop 
the bleeding so that the surgeon is unable to 
determine its source Pressure of the resecto- 
scope as one moves the instrument from place 
to place for observation may be sufficient to stop 
the flow of blood so that it is overlooked easily 
This is especially true if the site of bleeding is 
near the apex, where the piostatic urethra is 
narrow Here the slightest movement of the 
resectoscope to visualize a region may produce 
sufficient piessure to stop the bleeding tempo- 
rarily In such a case the bladder should be 
emptied completely and the resectoscope should 
be withdrawn to the distal border of the 
verumontanum , then the instrument should be 
kept in the midlme and should not be moved 
from one side to the other, and the water should 
be allowed to run through the resectoscope very 
slowly In this position the resectoscope may be 
rotated through an arc of 180 degrees Usually, 
this maneuver will permit the surgeon to identify 
the site of the bleeding 

Aftei a reasonable amount of fulguration has 
failed to control this type of bleeding, one should 
use a hemostatic bag catheter with or without 
tension It goes without saying that if pressure 
can be exerted m the proper place the hemoi- 
lhage can be stopped If the prostatic cavity is 
small and the bleeding is near the apex, a bag 
catheter distended with about 30 cc of fluid and 
pulled well down into the prostatic cavity should 
control the bleeding If the prostatic urethra is 
laige or if the bleeding is near the vesical neck, 
a larger bag, such as the pear-shaped Bardex 
bag, may be required This bag may be dis- 
tended with 120 cc or more of fluid The bag 
often will fit well enough into the prostatic 
capsule to control the bleeding At other times 
a moderate amount of traction may be necessary 
It must be remembered that a bag catheter 
will not control arterial bleeding It is of value 
only m the presence of venous hemorrhage In 
the absence of arterial bleeding a failure of the 
bag to control venous hemorrhage means that 
adequate pressure is not being obtained In sub- 
trigonal bleeding, for instance, owing to the laxity 
of the base of the bladder, no amount of pressure 
of a bag m the vesical neck may be effective 


unless countei pressure can be applied against 
the base of the bladder 

The ease with which the patient may be cared 
for after lesection depends chiefly on how per- 
fectly hemostasis was obtained at the conclusion 
of the operation The chief problem is to keep 
the cathetei draining well in order that the 
bladder may be kept free of clots by lavage 

If the bladdei becomes filled with clots and 
the catheter becomes obstructed, or if the bleed- 
ing continues to be too profuse, one should never 
hesitate to return the patient to the operating 
room to evacuate the clots and fulgurate the 
bleeding vessels Pentothal sodium is usually 
the anesthetic of choice for such a procedure 
No matter how full of clots a bladder may 
become, it should never be necessary to perform 
supiapubic cystostomy to evacuate them The 
no 28 F direct vision cystoscope or the resec- 
toscope is msei ted into the bladder, and the clots 
are aspirated by means of the suction syringe 
After each aspiration a moderate amount of water 
is allowed to enter the bladder to furnish suffi- 
cient fluid to wash out the clots Clots often tend 
to collect in the dome of the bladder and around 
the anterior half of the vesical neck To remove 
such clots the resectoscope should be rotated so 
that the heel of the instrument is situated 
anteriorly The ocular end of the resectoscope 
is then depressed so that the heel of the instru- 
ment is in the mass of dots Aspiration with the 
suction syringe will then remove almost all of 
the clots 

Mercier 42 descubes the evolution of his ideas 
on the indications for ti ansurethral resection of 
the prostate Of the fiist 25 patients, 8 died, 
between the twenty-sixth and the one hundred 
and fiftieth patient 9 died , between the one 
hundred and fiftieth and the three hundredth 
8 did not survive, between the thiee hundredth 
and the five hundredth 5 patients were lost, and 
m the last series, from the five hundredth to the 
nine hundredth, 3 died, a rate of 0 7 per cent 

Mercier uses McCarthy’s resectoscope in con- 
junction with W appler’s cutting machine In Ins 
opinion, all instruments are good, the solution 
lies in the skilful handling of one or the other 
With McCarthy’s, he is able to remove the 
hypertrophic tissue as far as the capsule without 
being obliged to insert the finger in the rectum 
so as to elevate the tumor and apply Stern’s 
modified apparatus 

Spinal anesthesia was applied in 491 cases, 
patients were given cyclopropane with Connell’s 

42 Mercier, O End Results of Nine Hund 
of Transurethral Resection of the Prc _t i 
49 665-668 (May) 1943 
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closed apparatus in 402 As regaids the latter, 
m Mercier’s opinion, there was little danger of 
explosion he had installed a ground wire, and 
the anesthetist took great caie to control any 
gas leak Se\en patients who had “grade A” 
piostates weie anesthetized with pentothal 
sodium 

Mercier states that the tendency of beginners 
is to overcoagulate, both as to area and as to 
depth, in order to avoid hemorrhages in the 
course of the operation If coagulation is exces- 
sive, grave secondary hemorrhages may happen 
about the tenth or twelfth day after the resection , 
moreover, elimination of coagulated tissues will 
impede recovery Mercier coagulates super- 
ficially at the precise point where an artery 
bleeds, and he avoids coagulation of veins except 
when there is considerable hemorrhage After a 
trial of compression catheters, they were aban- 
doned, because they are useless if coagulation has 
been obtained properly and also because they 
frequently cause painful vesical tenesmus He 
uses Marion’s rubber catheter, which furnishes 
the advantage of multiple outlets He lets it 
lemam for three days, but m cases in which fever 
runs high, he does not remove it until the 
temperature has fallen to normal On the day 
following the operation, he prescribes sulfon- 
amide medication This clarifies the urine and 
brings it back to normal within a period that 
varies between fifteen days and eight weeks The 
same results are obtained in pollakiuria 
The quantity of tissue taken out in these 900 
cases varied between 2 and 182 Gm The length 
of time that it took to perform transurethral 
resection stretched from three to sixty-five 
minutes, the latter m the case m which tissue 
weighing 182 Gm was resected In all of these 
cases Mercier never had recourse to a two stage 
operation but removed m one session the quantity 
of tissue deemed necessary In 11 instances he 
used transurethral resection after cystotomy, but 
since then he has abandoned this practice 

One hundred and twenty-four patients (13 8 
per cent of the 900) presented carcinoma of the 
piostate The 776 remaining patients presented 
benign hypertrophy of the prostate Four hun- 
dred and eighty-two patients answered a ques- 
tionnaue Of these 482 patients 9 had to undergo 
a second opeiation Four of them, on whom a first 
operation had been performed in 1934, under- 
went a second operation in 1936 Two under- 
went a first operation in 1936, 1 in 1937 and 
2 in 1939 , a second operation was performed on 
each of these 5 patients in the course of the same 
year, respectively The probable cause of each 
_of these reiterations seems to have been that not 
tiough tissue was removed in the first instance 


In these 482 cases pollakiuria and urinary pains 
never lasted more than eight weeks, and in 296 
of the cases these troubles had disappeared within 
the month following the operation Finally 182 
patients retained pollakiuria, which leturns once 
in the latter part of the night 

Davis 43 states that during the past decade 
theie has been an extraordinary change m the 
attitude and opinion of members of both the laity 
and the medical profession with respect to 
prostatic surgery The factors responsible for 
this may be enumerated as follows (1) the 
gradual recognition that the tradition that 
prostatectomy is a hazardous ordeal is fallacious , 
(2) the development and more frequent use of 
transurethral prostatic resection, (3) articles on 
genitourinary subjects in popular lay magazines, 
(4) syndicated newspaper articles by reputable 
medical columnists , (5) ethical “public enlighten- 
ment” programs, sponsored by medical societies , 

(6) “protect your health” magazine advertise- 
ments sponsored by life insurance companies, 

(7) persistent blatant ladio advertisement by 
utterly unscrupulous charlatans, (8) the intro- 
duction of the sulfonamide group of antiseptics 
of the urinary tract, and (9) what may be 
termed the modern tendency toward lay en- 
lightenment 

For these reasons the urologic surgeon now 
sees a much larger percentage than he did 
formerly of patients for whom the risk of opera- 
tion is low, permitting safe prostatic operations 
without preliminary drainage However, even 
with this increase surgeons are not seeing a great 
many such patients 

Osteomyelitis Complicating Piostatic Opeia- 
tions — Demmg and Zaff 44 discuss metastatic 
vertebral osteomyelitis complicating prostatic 
operations and report 3 cases which illustrate a 
definite relation between infection of the urinary 
tract and acute vertebral osteomyelitis 

In a senes of 1,500 cases of pyogenic osteo- 
myelitis, it was found that the spinal column 
was involved m 3 94 per cent Acute pyogenic 
spinal osteomyelitis is infrequent among persons 
of the ages at which involvement of the prostate 
is common The average age for osteomyelitis of 
the spinal column is 31 years Men are affected 
twice as often as women The location of spinal 
osteomyelitis was coccygeal in 3 of 102 cases, 
sacral in 9, cervical m 8, thoracic m 31 and 
lumbar in 51 In another series of 71 reported 
cases, the location was sacral m 9, cervical xn 12, 

43 Davis, E , m discussion on Mercier, 42 p 672 

44 Demmg, C L , and Zaff, F Metastatic Vertebral 
Osteomjelitis Complicating Prostatic Surgery, Tr Am 
A Gemto-Unn Surgeons (1942) 35 287-305, 1943 
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thoracic m 19 and lumbal m 31 Thus theie 
is a predilection in the lumbai region tor this 
lesion 

The symptom complex of acute osteomyelitis 
ot the spinal column is clinically dramatic It is 
characterized by rigois, high fevei, prostration, 
delirium, abdominal distention and diarihea 
Marked leukocytosis is usually present The 
local pain and the neurologic manifestations fre- 
quently suggest the site of the lesion Blood 
cultures are fiequently positive Many reports 
of cases of acute osteomyelitis of the spinal 
column contain a refeience to the high percentage 
ot cases in which there is infection of the urinai y 
ti act Carson reports 4 cases of acute osteomye- 
litis of the spinal column and states that there 
were tv o factoi s common to all Staphylococcus 
aureus septicemia and infection of the urinary 
tract The general symptoms may be acute or 
subacute, and some days may elapse before local 
signs appear Movement usually causes pam 
In 3 cases presented by Deming and ZaiT, pam 
in the back occuried on the fourth and fifth post- 
operative days, lespectively, m the first 2 cases 
and on the eighth postoperative day in the third 
case The mortality rate m cases of acute spinal 
osteomyelitis varies from 25 to 71 per cent 

The essential diagnostic features of the cases 
piesented weie nan owing of the intei vertebral 
spaces, irregular destiuction of adjacent portions 
of the vertebral bodies, vaiymg degrees of 
sclerosis ot the participating vertebiae and rapid 
piolifeiative periosteal formation of new bone 
The presence of an associated paravei tebral 
shadow of soft tissue tends to confirm the diag- 
nosis These findings coincide with the accepted 
i oentgenologic appearance of pyogenic osteomye- 
litis of the spinal column 

The imasion producing acute pyogenic osteo- 
myelitis of the vertebrae has been recognized as 
(1) direct and (2) hematogenous In only 3 94 
per cent of 1 500 cases of acute pyogenic osteo- 
myelitis did lesions of the spinal column develop, 
so that infection does not spread through the 
blood stream irom one bony lesion to another 
often Infection of the blood stream is common, 
but acute vertebral osteomyelitis is rare The 
so-called typhoid spine and gonococcic arthritis 
of the spinal column have been explained on a 
blood-borne basis Many patients suffering from 
typhoid hare infection of the urinary tract 

In all 3 of the cases of prostatic resection pre- 
sented, acute spinal osteomyelitis developed fol- 
lowing operation In 2 of the cases the classic 
tu o stage suprapubic operation, and m the third, 
transurethral resection, was performed There 
was nothing m the histones to indicate that such 


a complication as metastatic vertebial osteomye- 
litis should be expected All 3 patients showed 
certain postoperative symptoms m common The 
immediate convalescence was usually stormy and 
severe All had chills and “spiking” tempera- 
tures m spite of the administration of urinary 
antiseptics and the large intake of fluid All 3 
patients suffered from weakness or prostration, 
perspiration, abdominal distention, hiccup, rest- 
lessness and irritability 

The early treatment of the severe backache in 
the 3 patients could have been improved if the 
correct diagnosis had become apparent How- 
ever, conservative therapy was naturally applied 
Roentgen therapy, given in the first case, did not 
give a satisfactory result In the second case, 
rest and the wearing of a back brace were 
prescribed, with a satisfactory result, after the 
exact diagnosis had been made Surgical ex- 
ploration clarified the diagnosis m the third case, 
but the disease was too far adv anced for recovery 
to be expected Patients who have undergone 
prostatic resection and who complain of severe 
backache complicating their com alescence should 
be suspected of having early vertebral osteomye- 
litis, and treatment should be instituted to pre- 
vent extension of the pathologic process, to 
shorten the period of convalescence and to dimm- 
ish the moitahty rate Any infection of the 
urinary tract represents a potential factor for the 
development of metastatic vertebral osteomyelitis 

Kietschmer, 45 in discussing the article ot 
Deming and Zaff on metastatic vertebral osteo- 
myelitis complicating prostatectomy, states that 
he has seen 3 patients who had metastatic osteo- 
myelitis of the spinal column The first patient 
was a man who had a single kidney and who was 
operated on for a stone in the ureter, which was 
removed successfully Several months prior to 
this operation, he had had nephrectomy for pyo- 
nephritis Following the removal of the stone, 
severe pain developed m the back, and a low r 
grade fever was noted Physical examination 
disclosed interference with the function of the 
spinal column in that it was impossible for the 
patient to flex it A roentgenogram showed 
osteomyelitis This healed with lest in bed 

The second patient was a man who had been 
operated on four weeks before he came to 
Kretschmer The diagnosis made prior to opera- 
tion was perirenal abscess At operation no 
perirenal abscess was found The patient com- 
plained of pam in the back, a low grade fever 
and leukocytosis He, too, was unable to flex 

45 Kretschmer, H L, m discussion on papers by 
Cahill, Melicow and Guerry, 56 Kretschmer, Deming: and 
Zaff, 44 McCague 20 and Paine, Tr Am A Gemto- 
Unn Surgeons (1942) 35 320-321, 1943 
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his spinal column A roentgenogi am disclosed 
veitebral osteomyelitis Rest m bed and appio- 
priate orthopedic tieatment with splints and 
braces lesulted in a complete cure 

In the third case metastatic veitebial osteo- 
myelitis developed following prostatectomy 
Kretschmei expiessed the opinion that m the 
cases just cited the infection was metastatic 

URETHRAL DIVERTICULUM 

Higgins and Roen 46 state that urethral divei- 
ticulum is ratliei uncommon among women, 
although exact statistics as to its frequency are 
not available At the Mayo Clinic 19 cases weie 
encountered in a ten year period At the Cleve- 
land Clinic only 7 cases, including the one le- 
ported by Higgins and Roen, have been obsei ved 
m the twenty-two yeais since 1921 
Urethral dnerticulum may be defined as a 
pouch formed by dilation of a portion of the 
ui ethrovaginal septum and communicating with 
the urethral canal The pouch may communicate 
widely with the ui ethra, or it may have a nai row 
or tubular opening into it 
It is quite likely that the ti ue congenital diver- 
ticulum of the ui ethra more often presents 
features that simulate cystocele than do those 
sacs which arise secondarily Tlieie are two 
principal causes of the acquired type 1 Trauma 
may produce a weakened point in the urethral 
wall, and herniation may later occur through this 
region Trauma may be in the form of passage 
of a calculus, instrumentation or childbirth 
Undoubtedly, the last is the most frequent causa- 
tive factor Instiumentation is not so often the 
cause in the female urethra as in the longer 
pendulous urethia of the male sex 2 An in- 
flammatory piocess in the periurethral tissues 
may serve to produce a diverticulum Inflamma- 
toiy occlusion of a urethral duct may produce a 
retention cyst of the associated gland, and sub- 
sequent suppui ation and rupture into the uretln al 
lumen may serve by lepetition to produce an 
increasingly laigei sac 

The symptoms of urethral diverticulum with 
or without calculus are those of infection of the 
lower part of the unnary tiact, including fre- 
quency and dysmia, noctuna, pyuria and rarely 
hematuria, and m instances m which the calculus 
is large, uretln al obstiuction may occur Local 
examination leieals a smooth spherical visible 
and palpable swelling of the anterior vaginal \\ all 
just posterioi to the exteinal uiethral meatus 
This must not be confused with cystocele If a 

46 Higgins, C C and Roen, P R Calculus- 
Containing Uretlual Dnerticulum in a Woman Re- 
port of a Case, T Urol 49 715-719 (Ma\) 1943 


calculus is piesent, this swelling is hard 
Uiethroscopic inspection and l oentgenographic 
examination, especially if a cystogram has been 
made with a uiethral catheter in place, confirm 
the diagnosis 

The tieatment of uietlnal divei ticulum with 
oi without stone is entirely surgical The sac of 
the diverticulum is approached readilj thiough 
incision in the anterioi vaginal wall Resection 
ot the sac with lesuture of the urethral and 
\ agmal walls has given univei sally satisfactoi} 
lesults Divei sion of the unnary stream for 
appi oximately a week is a necessary feature of 
the tieatment In most cases this may be accom- 
plished by an inlying catheter, laiely, supiapubic 
cjstotomy may be lequned In all leported 
cases the wall has healed promptl) without the 
foi mation of a urethrovaginal fistula 

Higgins and Roen repoit the case of a woman 
aged 66 jeais, who complained of dysuiia, fre- 
quency, difficulty in voiding and slight teiminal 
hematmia The past lnstoij was n relevant 
except for the fact that some three to four years 
previously she had expenenced a seveie attack 
of “cjstitis” which had subsided in a month’s 
tune The present unnary symptoms had 
appealed about eight months pnoi to her visit 
to the clinic The symptoms had been progres- 
sive, especially the difficulty in ioidmg 

Physical examination revealed a somewhat 
obese elderly woman who did not show any 
abnormality except foi a bulging haid mass m 
the anterioi vaginal nail This was diagnosed 
clinically as a calculus within a divei ticulum of 
the urethra 

Roentgenologic stud} disclosed a laige calculus 
below’- the lei el of the bladder The urogiam 
indicated that the upper pait of the urinary tract 
W’as noimal Urinalysis reiealed a number of 
white blood cells and red blood cells Culture 
of the urine showed Bacillus coh 

At opei ation the anterioi vaginal w r all was 
incised longitudinall) , the diverticulai sac w r as 
opened and the calculus exti acted The sac 
was then excised and the orifice into the urethra 
closed by a puise string suture This orifice 
was quite nairow with a diametei of approxi- 
mately 5 mm The \ agmal wall was sutured 
A catheter was left indwelling foi six da}s aftei 
operation The wound healed b} primar} inten- 
tion, and the patient returned home eleien da\s 
aftei opei ation, free of symptoms 

The calculus was laige measuring 3 9 by 2 6 
bv 2 5 cm , and was smooth haid and laminated, 
with a soft center Chemical anahsis showed it 
to be composed of calcium phosphates car- 
bonates and a trace of ammonia 
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TESTICLE 

Prosthesis — Rea 47 reports a case in which an 
artificial testicle made out oi lucite (polymerized 
methyl methecrylate) was implanted m the 
scrotum of a boy 13 years of age who was 
believed to have congenital anorchidism The 
cosmetic and psychic results of the operation 
justified the procedure Lucite spheres have 
been implanted m the sciotum also m a case of 
orchidectomy for a malignant tumor of the testis 
and also m 2 cases of castration for caicmoma 
of the prostate A note is made concerning the 
size of testes at different ages, and some impres- 
sions concerning the size of aitificial testicular 
implants aie lecorded 

Polyoi clndism — Thiessen 48 states that the 
presence ot more than two testes in man is a 
rare occurience In the oldei literature theie 
are numeious, almost mythologic references to 
warriors and loieis who were thus endowed 
Few proved cases hare been reported Thiessen 
adds 1 moie proied case to the literature 

The patient who was 25 years of age, com- 
plained of a pain in the right inguinal region 
Twehe sears before, following trauma, the right 
testicle, w Inch had been normal in size, decreased 
somew hat The left testicle svas normal Shortly 
after this right inguinal hernia developed The 
results oi general examination were negative 
except tor lelaxed bilateral external inguinal 
rings The right testicle svas atrophic Surgical 
repair of the hernia svas advised At the time 
of operation the right side svas explored first 
A thickened cordhhe structure svas felt separate 
from the spermatic cord and the vessels The 
upper end continued retroperitoneally to a 
rounded mass resembling a testicle The scrotal 
testicle svas found and delivered into the incision 
Its vessels and cord svere separate from those 
of the intra-abdominal organ The smaller, upper 
testicle svas removed Microscopic examination 
showed testicular tissue 

EPIDIDYMIS 

Blastomycosis — Jacobson and Dockerty 43 de- 
scribe the clinical and pathologic features of 4 
cases of s} stemic blastomycosis involving the 
epididymis Epididymitis ssas the most common 
genitourinary manifestation of blastomycosis, m 

47 Rea, C E The Use oi a Testicular Prosthesis 
Made of Lucite, with a Note Concerning the Size of 
the Testis at Different Ages, J Urol 49 727-731 (Maj ) 
1943 

48 Thiessen, N W Pali orchidism — Report of a 

Case, J Urol 49 710-714 (Ma>) 1943 

49 Jacobson, C E, Jr, and Dockerti, M E 
Blastomjcosis ot the Epididjmis Report of Four 
Cases, J Urol 50 237-24S (Aug) 1943 


the series of cases of generalized blastomycosis 
observed by Jacobson and Dockerty the incidence 
was 33 per cent Clinically the condition simu- 
lated tuberculosis A primary pulmonary focus 
was established definitely m 1 case, and such a 
focus was believed to be present m 2 additional 
cases In the lemammg case evidence of mtra- 
thoracic disease was not obtained at necropsy 
Treatment with iodides and n radiation appar- 
ently was successful m 2 patients, u'ho survived 
for two and ten years, respectively One of these 
patients had undergone epididymectomy, which 
apparently hastened recovery In 2 patients the 
disease proceeded to a fatal outcome, with in- 
volvement of the genital structures m the ter- 
minal stages of the disease 

Tumo) — Evans 50 describes a group of tumors, 
benign in character and of characteristic histo- 
logic structure, located m direct relationship to 
the tunica vaginalis testis and the epididymis, 
including 5 personally observed and a larger 
number assembled from the literature It is con- 
cluded that the tumors of this , group probably 
are derived histogenetically from the mesothehal 
cells of the serosa of the tunica vaginalis and may 
pioperly be denominated mesotheliomas 

AVULSION OF SCROTUM 

Byars 51 reports 3 cases of avulsion of the 
scrotum and of the skm of the penis In each 
instance avulsion was the result of loose clothing 
being caught in rapidly moving machinery Such 
defects of the genitalia are rather rare 

The scrotal flap with pedicle supplies the most 
desirable tissue for covering a penile defect be- 
cause of the elasticity of the transplanted skm 
This is especially true when there has been 
damage to the corpora cavernosa with deep scar- 
ring and contraction In many of these cases 
scrotal tissue is not available since it also has 
been lost Even under ideal cn cumstances the 
scrotal tissue may be inadequate m amount for 
complete coverage of the penis A third point 
to be considered is that a wound of the penis 
which has contracted may undergo further con- 
traction during the period of attachment of the 
penis to the scrotal flap Pedicled flaps from 
other portions of the body are too thick and lack 
the desired elasticity 

Thick split skm grafts seem to answer most 
nearly the needs m the average case If possible, 
it is oftentimes desirable to use a combination 
of scrotal flap and free skm graft, especially to 
prevent possible scar constriction about the base 

50 Evans, N Mesothelioma of the Epididymis and 
Tunica Vaginalis, J Urol 50 249-254 (Aug ) 1943 

51 Byars, L T Avulsion of Scrotum and Skm of 
Penis, Surg, Gynec & Obst 77 326-329 (Sept) 1943 
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of the penis The difficulty of “take” in this 
area makes the free full thickness graft less de- 
sirable than the split skin graft The disadvan- 
tages of the free skm graft aie that the skin 
is not as expansile as is noimal penile skm and 
that the giafts tend to contract for a period aftei 
their application Both of these difficulties may 
be largely oiercome by the transplantation of 
an adequate amount of skin This is done by 
making the wound the maximal size at the time 
of application of the graft and by supplementing 
the graft if necessaiy at a second opeiation 

In the pieoperative prepaiation of an ulcei- 
ated wound, all suri oundmg hair should be kept 
shaved, the area should be cleansed fiequently 
by the use of soap and water and sulfanilamide 
or sulfathiazole powder should be dusted on the 
surtaces one or more times daily The patient 
sits in a saline bath for several hours daily if 
possible When the gianulations have become 
compact and uniformly red, and there is a mini- 
mum of discharge on the dressings, and the 
appearance of the wound has ceased to improve, 
the wound is ready for grafting 

At the time of repair, all granulation tissue is 
trimmed away with a sharp knife, and the deeper 
scar is dissected away carefully until the penis 
is completely elongated and freed from the con- 
traction which has resulted from partial healing 
All bleeding points are ligated carefully with the 
finest available silk If there is an> normal 
skm left on the penis, either about its base or 
about the glans, this skm is retracted A collar 
of skm about the base of the penis can be sutured 
back as a roll at its junction with the abdominal 
wall A collar of skm about its attachment to 
the glans can be drawn toward the tip of the 
penis 

For a split skm graft, approximately two thirds 
of the thickness of the skm is taken If it is 
possible to get one piece large enough to cover 
the entire wound, this is done A catheter is 
inserted into the bladder, and the penis is held 
completely extended The graft is draped over 
the wound and sutured accurately to the borders 
of the wound proximally and distally, with inter- 
rupted sutures 

The first postoperative dressing of the wound 
is done on the fourth or the fifth day after 
operation A dressing as nearly like the original 
as possible is reapplied After the se\enth or 
eighth postoperative day the catheter is removed 
A similar but less bulky dressing is applied and 
is held m place w ith an athletic supporter Split 
skm grafts undergo a period of contraction during 
the first two months Following this, they begin 
to soften and relax 

Byars presents these cases with the idea of 
expressing the desirability of primary repair 


lathei than subjecting the patient to the pro- 
longed discomfort coincidental with secondary 
repair In addition, he feels that grafting of 
skm to pioperly prepared open wounds resulting 
from avulsion of tissue is practical and should be 
considered even though a number of hours have 
elapsed since the injury 

In none of Byars’ 3 cases was restoration of 
the sciotum attempted It is obvious that under 
some circumstances such a reconstruction might 
be consideied essential If it is contemplated, 
the testicles should be planted under the skm 
and the subcutaneous tissue of the upper inner 
paits of the thighs at the time of the initial re- 
pair After the defect of the penis has been 
lepaired adequately and has healed, each testicle 
and its cord would be dissected free from the 
thigh, carrying with it the overlying skm and 
tat The tissue from the right and the left thigh 
then would be sutured together m the midline, 
the testicles with their overlying skm and fat 
being joined to make the two halves of the re- 
constructed scrotum This would occupy ap~ 
pioximately the normal position and probably 
would maintain nearly the optimal temperature 
of these organs This reconstructed scrotum 
would not be conti actile The two donor sites 
on the innei surfaces of the thighs would be 
covered with split skm grafts 

SPERMATIC CORD 

Turn 01 — Zide 52 states that the occurience of 
tumor of the speimatic cord is relatively rare in 
comparison with tumors of other structures of 
the body In 1939 Schulte reported 247 cases 
of tumor of the spermatic cord Since that 
report 10 additional cases, including the case re- 
ported now by Zide, have been compiled, bring- 
ing the total to 257 cases Classifying these cases 
further, he notes that the most common types 
of tumor were lipoma, sarcoma, fibroma, meso- 
dermal tumor, dermoid and angioma m decreas- 
ing order of frequency Only 4 cases of heman- 
gioma have been reported hitherto Zide reports 
the fifth case of hemangioma of the spermatic 
cord This case is of interest because of the 
rarity of the tumor and the problem of differ- 
ential diagnosis 

A man aged 27 jears had had a tumor in the right 
side of the scrotum for sixteen j ears The mass was 
tender to palpation and ached on exertion On exami- 
nation the scrotum w 7 as enlarged slightly at the right 
upper portion There was a lobulated mass, 2 bj 3 cm 
in diameter, just above the right testis It did not 
transillummate, and there was no noticeable change of 
size when the patient reclined The tumor was excised 
through an incision m the upper right area of the 

52 Zide, H A Tumors ot the Spermatic Cord 
Report of a Hemangioma, T Urol 50 255-257 (Aug) 
2943 
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scrotum, approximately 1 cm of the spermatic veins 
above and below its boundaries being removed The 
diagnosis was hemangioma of the spermatic cord 

INFECTIONS OF THE URINARY TRACT 

Discussing infections of the ui mar}' tract, 
Cook S3 states that since the development of sul- 
fonamide compounds with their known efficacy 
m combating infections of the urinary tract, many 
physicians have prescribed these drugs without 
sufficient knowledge of the infectious bacteria m 
the given case, without knowledge of the true 
pathologic changes and without propei respect 
for the various toxic manifestations which may 
develop in the patient ' 

Complete bacteriologic studies are not neces- 
sary in each case by any means A simple Gram 
stain ot the urinary sediment, which is at the 
disposal of any suigeon, will usually suffice and 
lead to the proper management of the patient 
Cultures are helpful but aie not ahvays necessaty 

Many patients may be cuied of their illness 
with chemotherapy, as their difficulty is supei- 
ficial However, if aftei one 01 two courses of 
medication the desired results aie not obtained, 
the patient is entitled to a detailed urologic m- 
\estigation The percentage of cures m cases 
of infection of the urinary tract falls sharply 
when one passes from uncomplicated to compli- 
cated infections 

When considering the drugs themselves, one 
should not lose sight of the value of mandelic 
acid It should not be used in cases of impaned 
renal function, as m such cases it is toxic to the 
kidney Concerning the sulfonamide compounds, 
there is a definite need for continued and close 
observation while the patient is taking the drug 

If everything possible is to be secured from 
chemotherapy in infections of the urinary tract, 
a close check on each patient must be kept 
Doses should not be excessive Repeatedly it 
has been demonstrated experimentally that small 
concentrations of any of these drugs will sterilize 
the urine This has been borne out clinically 
Seldom, if ever, will increased doses do more 
than will the usual small doses 

URINARY CVLCLLI 

Lassen ■’ 4 states that there are tw o mam groups 
of causes m the genesis of urinary calculi One 
group, which undoubtedly is the more rate of 
the two, is that in which disease processes withm 
or outside the urinary tract operate to supply the 
conditions requisite loi the formation of calculi 

33 Cook, E X Infections of the Urinary Tract 
editorial, Surg, Gvnec & Obst 77 330-331 (Sept) 
1943 

54 La«cn, H K The Formation of Urmarv 
Calculi, J Urol 50 110-120 (Tula) 1943 


The other group of causes, which is the more 
important group by fai , consists largely in dietary 
insufficiency Both these two groups of causes, 
which, as has been demonstrated, consist of a 
large number of various factois, can bring about 
changes m the saturation of the urme and, as a 
consequence, nuclei for the formation of calculi 
arise Even though the original pathologic con- 
dition which caused these retained nuclei does 
not remain active, the nuclei themselves may con- 
tinue to grow despite the fact that the urine is 
absolutely normal 

Sauer and Neter 55 report that favoiable re- 
sults obtained by the use of a citric acid-mag- 
nesium oxide-sodium carbonate solution (solu- 
tion G, arrived at by Suby, Suby and Albright 26b , 
Suby and Albright 20c ) in the treatment of patients 
who had late ladium reactions, complicated by 
formation of incrustations, stimulated in vitro 
experiments on the antimicrobial action of this 
solution 

Solution G pioduced bactencidal effects within 
twenty-four to seventy-two hours at 37 C against 
strains of Escherichia coli, Proteus vulgaris, 
Proteus morgam and Streptococcus faecahs 
(enterococcus) 

Young cultures of E coli (four and ten horns 
old) were more susceptible to the bactericidal 
action of this solution than twenty-four hour 
cultuies 

Admixture of mine in appreciable amounts to 
solution G caused inciease of pn and decrease 
of bactericidal activity against Escherichia coli 

Solution G exerted approximately the same 
bactericidal effects against E coli as a citric acid- 
disodium phosphate buffei solution of identical 
Ph (4 0) 

Solution G is made as follows 


Citric acid (monohydrous) 

32 3 

Gm 

Magnesium oxide (anhydrous) 

38 

Gm 

Sodium carbonate (anyhdrous) 

44 

Gm 

Distilled water in sufficient quantitv to 



make 

1,0000 cc 


THE RENAL LESIONS IN VON HIPPEL- 
LINDAU DISEASE 

Cahill Melicow and Guerry 56 discuss the lenal 
lesions m von Hippel-Lmdau disease and report 
a case 

Angiomatosis retinae was described first by 
von Hippel Hemangioblastomas have been re- 
ported by various observeis to occur associated 

55 Sauer, H R , and Neter, E The Bactericidal 
Action of the Stone Dissolving Agent “Solution G,” 
J Lro! 50 191-196 (Aug) 1943 

56 Cahill, G F , Melicow, M M, and Gueiry, D, 
III The Renal Lesions in von Hippel-Lmdau’s Dis- 
ease Tr 4m A Genito-Unn Suigeons (1942) 35 
271-2S1, 1943 
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with other lesions ot the central neivous sjstem 
Lmdau was the first to lecogmze that a general- 
ized form of hemangioblastoma occurs, m which 
not only tumor of the letma may be observed 
but cysts of various \ iscera, w ith c} stadenoma of 
the pancreas and hypemeplnoma of the kidney 
Lindau reported that hypernephroma was 
present m 6 of his 15 cases Since it occurred 
m the case of Davidson and his associates, in 
that of Wolf and Wilens and also m the present 
case, the proportion has been increased to 9 of 
18 cases, or 50 per cent 

The case reported by Cahill, Melicow and 
Guerry is of interest in that the patient showed 
the hormonal deficiency changes thought to be 
due to involvement of the pituitaiy gland She 
did riot have any demonstrable pancreatic cysts 
Her large renal tumor was recognized and re- 
moved and was found to be a hemangioblastoma 

The patient was a white woman, aged 26 years, who 
complained that her vision had been failing for eighteen 
months There had been no urinary symptoms of any 
character At no time had hematuria occurred For 
a number of months previous to admission she had had 
several attacks of dull pain in the right flank lasting 
for several days 

Retrograde pyelograms showed a deformity of the 
right renal shadow similar to that seen in cases of 
renal tumor There was no evidence of metastasis m 
roentgenograms of the lungs At operation, first the 
abdomen was explored through a transverse incision 
of the abdominal wall on the right side There were 
no palpable cysts in the intestines, the pancreas, the 
liver, the spleen or the left kidney The large right 
renal mass was removed transperitoneally with the 
perinephritic fat attached, after ligation and division of 
the renal vessels Microscopic examination revealed 
hemangioblastoma 

This is an unusual neoplasm of the kidney 
It differs in many respects from so-called hyper- 
nephroma or carcinoma of the kidney In the 
first place there is a strong tendency toward for- 
mation of capillaries Then again there is the 
frequent massing of “foam cells” between heman- 
giomatous regions Correlating these findings 
m the kidney with the clinical picture presented 
by the patient, Cahill, Melicow and Guerry con- 
clude that this was a case of Lmdau’s disease 
affecting the kidney 

PRESACRAL S\ MPATHICOBLASTOMA CAUSING 
URINARY OBSTRUCTION 

Hepler J ' reports the successful treatment of a 
presacial sympathicobla stoma The patient was 
an infant, and the tumor caused urinai y obstruc- 
tion at birth 

The presacral position of the tumor was of 
interest bec ause sympathicoblastomas are usually 

57 Hepler, A B Presacral Sv mpathicoblastoma m 
Infant Causing Lnnarv Obstruction, J Lrol 49 
///-7S4 (June) 1943 


primal y m the adienal medulla However, the 
region vential to the sacrum is a sort of reposi- 
tory or bun mg ground for remnants cast off m 
the complex embryonic development of the ter- 
minations of the intestinal tract and the central 
nervous system, and these lemnants later may 
give rise to complex tumors Included among 
these may be those which arise from the neuren- 
teric canal, those from the postanal gut, the 
Middledorf tumors, sacral teratomas, chordomas 
and ependymomas 

Tumors arising from the formative cells of the 
sympathetic nervous system are usually primary 
in the adrenal medulla, but they do arise m the 
cervical, retropleural, retroperitoneal and sacral 
regions, and the histogenesis and the prognosis 
are the same for the extra-adrenal as for the 
adrenal growths 

Such a tumoi was discoveied filling the pelvis 
of a boy aged 3 weeks, who had been unable to 
unnate since birth It arose from the hollow 
of the sacrum, compiessed the urethra and dis- 
placed the bladder upward It was partially 
lemoved through a midhne abdominal incision, 
and the remnant disappeared after two months 
of roentgen treatment There has been no re- 
currence during four yeais 

Histologic preparation showed the tumor to be 
malignant sympathicoblastoma Tumors of this 
type are supposed to be ladioresistant and highly 
fatal The predominating cells were sympatluco- 
blasts and sympathigonia, parent cells m the for- 
mation of the sympathetic nervous system There 
were a few “rosettes,” but otherwise there was 
little cellulai differentiation This fact indicates 
a high degree of malignancy 

The unexpected results m this case bear out 
Farber's contention that the prognosis is not 
hopeless In his series of 40 patients 25 per cent 
were alive and well three to five years after the 
operative discovery of the tumor 

One is impressed by the unexpected results 
m one case of a treatment which has failed com- 
pletely m another Surgical removal followed by 
irradiation may fail m the treatment of a patient 
who has a tumor that has not metastasized and 
yet be successful m the treatment of another 
patient m whom there is demonstrable metastasis 
The tumor may undeigo spontaneous hemor- 
rhage and necrosis and disappear without any 
other surgical intervention except biopsy It 
may undergo maturation and develop into a 
benign ganglioneuroma This process is com- 
parable to the maturation which takes place in 
the dev elopment of the s} mpatlietic nerv ous sys- 
tem 

Because ot the unpredictable course of the 
process and of the response to treatment one is 
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justified in pei forming as complete a surgical 
1 emoval as possible, to be followed by n radiation 
The irradiation should be postoperative and not 
preoperative Although these tumors rarely pre- 
sent a problem in urologic practice except m 
their differentiation fiom embryoma of the kid- 
ney, the possibility of their extta-adrenal origin 
must not be forgotten 

ANESTHESIA 

Hess and Mershi =s state that pentothal sodium 
is the ideal anesthetic agent foi short and long 
urologic procedures It is the safest of all The 
skilled anesthetist finds it easv to administer 
The patient is leady foi opeiation m a few 
moments aftei the admimsti ation of the anes- 
thetic agent is started and is out of anesthesia in 

58 Hess, E , and Merski, A T Some Observations 
m the Use of Pentothal-Sodium, Urol &. Cutan Rev 
46 709-713 (Nov ) 1942 


a few minutes aftei the injection is stopped He 
is comfortably drowsy the lest of the day 

This anesthetic agent can be used under all 
operative conditions, since it is nonexplosive, and 
it can be given time after time without any ill 
effects 

The pulse rate and the blood pressure are not 
influenced by pentothal sodium If anything, it 
seems to improve the action of the heart in some 
of the cases in which concern is felt because of 
a damaged myocardium The one danger is 
sudden respiratory failure The antidotes for 
i espiratory failure are oxygen, piciotoxm, cora- 
rmne (a 25 per cent solution of pyridine beta- 
carboxylic acid diethylamide), metrazol and 
aromatic spirit of ammonia U S P 

Hess and Merski state that pentothal sodium 
in their hands has proved so safe that they con- 
sider it the best general anesthetic agent for all 
surgical purposes 
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PERMEABILITY OF LYMPH VESSELS AND LYMPH PRESSURE 

FERDINAND C LEE, MD 

BALTIMORE 


The purpose of this article is to piesent the 
i esults of experiments which were intended more 
to explore new avenues m the physiology of the 
lymph system than to give intensive study to 
individual aspects of a limited problem At this 
writing it is uncertain when it will be possible 
to support by a longer series of experiments the 
conclusions obtained fiom lelatively few pioneer- 
ing observations 

It has long been known that ligation of the 
thoracic duct causes deposition of chyle m the 
retroperitoneal tissues Whether this condition 
is due to a lupture of a lymph vessel 1 or whether 
it represents a transudation thiough an intact 
vessel v all 2 has never been decided The first 
experiments were planned to shed light on this 
problem alone, but they soon piesented other 
facets which invited exploration 

EXPERIMENTS 

When the chyle-bearmg thoracic duct of the 
cat is ligated in the chest according to a method 
described in 1922, 3 the resulting deposition of 
reti operitoneal chyle leaches its maximum in 
fiorn twenty-four to forty-eight hours The ex- 
tent of this chylous effusion is variable, but 
after maximal effusion the stomach is not cov- 
eied, certainly nevei the liver, noi does the 
mass extend into the pelvis, even though small 
deposits may be seen along the proximal portion 
of the iliac vessels At the end of seventy-two 
hours much of the extravasated chyle will have 
been absorbed, and it is rare foi any trace of 
it to remain longer than one hundred and forty- 
four hours The deposits m the distal portion 
of the mesentery, neai the intestine itself, are 
among the first to disappear, whei eas pi oximalty 

From the Departments of Surgerv and Anatomv of 
the Johns Hopkins University 

3 Cooper, A Three Instances of Obstruction of 
Hie Thoracic Duct, with Some Experiments Showing 
the Effects of T\ing That Vessel, M Rec Private 
M \ , 179S, p 86 

2 Schmidt-Muhlheim, A Gelangt das verdaute 
Envciss durcli den Brustgang in’s BluU Arch f Anat 
u Phvsiol (Phvsiol Abt ) 1877 p 549 

3 Lee, F C The Establishment of Collateral 
Circulation Following Ligation of the Thoracic Duct, 
Bull John'; Hopkins Hosp 33 21, 1922 


the tissue immediately ai ound the intestinal 
lymph gland is among the last to surrender its 
chylous deposit Usually theie is a small amount 
of chylous ascites present by the end of twenty- 
four hours aftei ligation of the thoracic duct, 
however, in anothei twenty-four hours it is rarely 
possible to aspirate any more chylous fluid fiom 
the peritoneal cavity 

As regards these experiments, the most com- 
mon site for the first signs of chylous extravasa- 
tion following ligation of the thoracic duct in the 
cat was at the inferior border of the cisterna 
chyh above the pedicle of the left kidney This 
observation was made m 7 animals 

In 2 cats the earliest appeal ance of the letio- 
pentoneal chyle following ligation of the thoracic 
duct in the chest was in forty-five minutes For 
the othei 5 animals, the tune of appearance was 
respectively fifty, sixty-five, seventy, seventy-five 
and eighty minutes The piocedure in the ex- 
periments was to open the abdomen thirty min- 
utes after ligation of the duct in the chest, with 
the animal undei intratracheal ether anesthesia, 
and after inspection of the left cisternal region 
to close the abdominal incision wuth tow T el clips, 
and to lepeat the inspection every five minutes 

Once the reti operitoneal chyle had appealed 
at the cisterna chyli, it could be found around the 
intestinal lymph trunks and the mesenteric glands 
by the end of another fifteen minutes The 
subsequent spread of the extravasated chyle in 
the mesenterv toward the intestines became 
progressiv ely slower 

It may be well to define some of the terms 
that will be used in the remainder of this article 
The mesentenc lymphatics or lymph vessels are 
situated in the mesentery of the small intestine 
and conduct the lymph from the small intes- 
tine to the intestinal lymph gland situated at 
the root of the mesentery This lymph gland is 
relativ ely large and conglomerate and should not 
be confused with the small lymph glands which 
are frequently found isolated within the mesen- 
teiy of the small intestine From the intestinal 
lymph gland several large lymph vessels, called 
intestinal lvmph trunks, carry he lymph to the 
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cisterna chyh, which m turn discharges its lymph 
into the thoracic duct 

While the fluid element of the lymph was thus 
leaving the vessels, the question naturally arose 
as to the fate of the lymphocytes within the 
lumens of the lymph channels The entire trunks 
of 7 animals were immediately placed m a 4 per 
cent solution of formaldehyde at the end of the 
experiment, and subsequently histologic sections 



Fig 1 — Cross section of the posterior abdominal wall 
ot a cat whose thoracic duct had been ligated m the 
chest three hours previously to show the concentration 
of I>mphocytes outside of lvmph vessels in areas LI 
to L5 inclusive, in comparison with lvmph glands Gl and 
G2 A, aorta , JVC, inferior vena cava The area LI 
is shown enlarged m figure 2 Hematoxylin and eosm 
stain X 10 

wete obtained from various areas, beginning at 
the point of ligation of the thoracic duct m the 
chest and continuing down to the lower portion 
ot the abdominal aoita Blocks were also ob- 
tained from the region about the intestinal lymph 
trunks All the sections \\ ere cut from celloidm- 
embedded blocks and were stained in hema- 
toxv hn and eosin 

It was found that m 5 of the 7 animals the 
highest concentration of lymphocytes occurred 
immediate!} outside of the lymph trunks in the 
region just above the bifurcation of the aorta 
Cephalad to this point the extravascular lympho- 
cv tes w ere progressiv el} less in number, the least 
number being near the point of ligation of the 
thoracic duct in the chest A heavy concentra- 
tion of these cells was also observed around 
die intestinal trunks near their entrance into the 


cisterna chyh This region, incidentally, had the 
greatest number of lymphocytes m the 2 other 
animals m the senes In 1 of these 2 cats the 
lymphocytes were so heavily masked that the} 
resembled a small lymph nodule (figs 1 and 2), 
even though the thoracic duct had been ob- 
structed for only three hours In another animal 
the concentration of lymphocytes on both sides 
of the wall of a lymph vessel was so great that 
a direct transition seemed to exist (figs 3 and 4) 
In the third animal the effect of a twenty-six 
hour obstruction of the thoracic duct on a lymph 
gland was shown (figs 5 and 6) Here the 
cortex was relatively compact when compared 
with the edematous medulla with its thm, deli- 
cate tissues separated and teased m a fashion 
which made for better histologic study Possibly 
lymphatic obstruction might be used as a means 
for obtaining finer morphologic details not only 
of lymph glands but of other organs The 
coronary lymph smus of the lymph gland was 
small when compared with the extremely large 
collecting trunks at the lnlus 



Big 2 — Enlargement of area LI in figure 1, to show 
the irregular packing of lymphocytes outside of a lymph 
vessel A few lymphocytes are enmeshed in a fibnn- 
like network, F A lymph vessel is L V Hematoxylin 
and eosm stain , X 70 

Commonly the extensive collections of ex- 
travascular lymphocytes are enmeshed in a thm, 
delicate, lightly eosm-stamed meshwork, which 
resembles fibrin m appearance but is probably 
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cxtravasated chyle This belief is strengthened 
by the fact that the fluid substance m adjacent 
chyle-bearing lymph vessels has the same appear- 
ance 

Because of the heavy concentration of lympho- 
cytes on each side of the thin wall of a lymph 
vessel, it was hoped that the actual passage of 
the lymphocytes through the vessel wall might 
be studied Although the preparations were rot 
convincing, the impression was gained from the 
study of those fields in which the wall of the 
lymph vessel was cut at a slight angle, so that 
the endothelial cells were visible as a small 
plaque, that the lymphocytes passed, if not be- 
tween, at least through the periphery of, the 
endothelial cells 

Nor was there a parallelism between the con- 
centration of extravascular lymphocytes and ex- 
travasated chyle, because it was common to find 
the lymphocytes in dense masses, which re- 
sembled ribbons, with no chyle present, and on 
the other hand there were areas with large 
amounts of chyle which contained only a few 
ljmphocytes It was not unusual to find small 
lymph vessels completely packed with lympho- 
cytes, yet rarely was a large vessel more than 
one-half full of these cells (fig 3) The areas 
of heaviest condensation of lymphocytes were not 
necessarily within the lumens of the lymph ves- 
sels but preferably immediately outside of their 
nails (figs 2 and 4) Lymphocytes were com- 
monly found on the outside of fat cells (fig 4) 
but never within them Apparently, whatever 
the factors responsible for the transfer of lympho- 
cytes from their intravascular to their extravas- 
culai position may have been — and intravascular 
pressure may well have been one of them — the 
effect of these factors was rapidly dissipated 
once the cells were outside of the walls of the 
lymph vessels, except for ribbon-like deposits and 
heavy concentrations (fig 2), which were not 
always near large lymph vessels but extended 
along thin fascial planes Nor did the lympho- 
cytes escape uniformly and evenly from the 
ljmph vessels (fig 4) 

It will be noted from the preceding descrip- 
tion that the concentration of lymphocytes fol- 
lowing ligation of the thoracic duct was in tissue 
essentially proximal to the intestinal lymph gland 
What was happening to the lymphocytes m the 
mesenteuc lymphatics immediately distal to the 
intestinal ljmph gland was found from the his- 
tologic examination of sections taken from the 
same animal from which the material shown m 
figuves 3, 4, 5 and 6 was taken and emphasizing 
the hea\A concentration of lymphocytes within 
and without the lymph \essels In marked con- 
trast to this heavy deposition the ljmphatics 
and the tissues just distal to the intestinal Ij mph 


gland were entirely noimal The same results 
were obtained m another animal 

Since lymphocytes, which are of considerable 
size, can pass through lymph vessels, whose walls 
are many times thicker than a single endothelial 
layei, it does not seem unreasonable to believe 
that chyle can pass through this same tjpe of 
Avail, and probably more easily The pi edication 
of a rupture of the Avail is not necessary 

Furthermore, if chyle and lymphocytes can 
pass readily through the Avails of lymph \ r essels, 
could also fine particulate matter under similai 
conditions 7 To get evidence for this possibilitj’, 
commercial india ink, sold as Higgins Eternal 
Black Carbon Writing Ink, Avas injected centn- 
petally, with the aid of a 10 cc syringe equipped 



Fig 3 — Cross section of the posterior abdominal wall 
of a cat Avhose thoracic duct had been ligated twenty - 
six hours before to shoiv the concentration of lympho- 
cytes (black) within the larger lymph \essels, L I' 1, 
LV 2 and L V 3, and also at L in the ad\ entitia of the 
aorta, A I V C , inferior vena car a The area LV 1 
is shown enlarged in figure 4 Hematoxilm and eosm 
stain , X 13 

with a 27 gage needle, mto the mesenteric hra- 
phatics of a cat anesthetized wnth ether The 
mk Avent quickly to a mesenteric lymph gland, 
Avluch soon became black, but m the meantime 
the mesenteric ljmiph Aessel aaIucIi had been re- 
cemng the injection no longer had its sharp 
outline but was becoming blurred, beadlike and 
fuzzy As the injection A\as continued the 1\ mph 
iessel became indistinct, until it resembled a 
concatenation of black smudges Histologic 
examination of the hmph Aessel shoA\ed that the 
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ink had gone through the wall of the vessel and 
had distributed itself in the surrounding, loose 
areolar tissue There was no sign of rupture m 
the wall This experiment was repeated m 6 
animals In 2 cases the mesentery with its 
fuzzy lymph vessels was cleared by the Spalte- 
liolz method Examination of such a specimen 
showed that the particles of ink were m greater 
concentration immediately outside of the vessel 
and gradually became more scattered as the dis- 
tance from the vessel increased The heavy 
concentration was not uniform along the ressel 
but was in waves, more or less evenly spaced 
In fact, m 2 animals it was shown that a direct 
relationship existed between the amount of pres- 
sure of the injected ink and the speed with 
which the fuzzy outline of the vessels developed 


and cellophane were tried as dialyzing mem- 
branes, to simplify and standardize the procedure 
the suggestion of Dr Edgar Poth to use Patapar 
paper was followed A sheet of this paper was 
shaped into the form of a bag, and 200 cc of the 
commercial mk mentioned previously rvas put in 
it The neck of the bag wasi, tied with heavy 
thread, and the bag rvas allowed to float on the 
surface of a sodium chloride solution of 0 89 per 
cent concentiation, which filled a bram jar of 
1 gallon capacity The thi ead around the neck of 
the bag w’as then secured to a cross arm, so that 
this part of the paper bag was prevented from 
sinking any lower For seven consecutive days 
saline solution was allowed to enter slowly at the 
bottom of the jar by means of a rubber tube and 
then flow over the top at a rate of 8 gallons 



Fig 4 — Enlargement of area L V 1 of figure 3 to show the unequal massing of lymphocjtes LI and L2 directly 
outside of a hmph ressel, L V Opposite C the Ijmphocytes are concentrated on the periphery of fat cells but are 
ne\ er found inside these cells Hematoxj hn and eosm , X 50 


Thus tor a cat w ith pressures of 40, 40, 20, 1 10 
and 160 mm of mercury erected on the injection 
fluid, the corresponding periods for the appear- 
ance of the blurred outline of the vessels, a 
different ljmphatic being used for each injection, 
were two and a half, three, fire, two and three- 
tourths minutes respectnelv 

Howerer, it was soon realized that no con- 
clusions regarding the passage ot mk particles 
through the walls of lymph ressels could be 
drawn from these experiments because the com- 
mercial mk had an ammomacal odor Hence the 
possibiht} arose that the ammonia mar hare 
damaged the walls and thus facilitated the pass- 
age ot the mk particles 
To eliminate the ammonia factor the mk was 
dialrzed After rarious thicknesses ot celloidm 


(30 liters) per daj In addition, the jar rvas 
completely emptied and freshly filled dui mg the 
first five days At the end of the week the mk 
rvithin the paper bag was measured, and the aver- 
age of three preparations rvas 230 cc This 
showed that the mk had been moderatel) diluted 
by the saline solution The dialyzed mk w as kept 
m a glass-stoppered bottle and served as stock 
solution 

To test the toxicity of the dialyzed mk it rvas 
slowlj injected by means of a syringe into the 
femoral rein of a cat, which rvas under light 
ether anesthesia Into 1 animal 8 cc rvas injected 
without any apparent harmful results, into an- 
other animal 20 cc rvas injected, also without 
causing any ill effects How r ever, into a third 
cat 37 5 cc was injected, this animal seemed well 
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for one hour later but was found dead the next 
morning In none of the 132 experiments cov- 
ered by this report did any animal receive more 
than 10 cc of the dialyzed mk All leference 
to mk m the remainder of this article is to the 
dialyzed ink and not to the stock commercial mk 
Furthermore, since the dialyzed ink had about the 
same specific gravity as the saline solution and 
since within the limits of the experiment dif- 
ferences between hydrostatic pressures of watei 
and isotonic solution of sodium chloride could 
not be determined, for the rest of the report such 
pressures will be given in centimeter columns of 
water, even though ink was the actual measuring 
fluid 

Experiments were then undei taken to deter- 
mine whether the mk particles would leave the 
lymph vessels the same way that the chyle and 
the lymphocytes did In 6 cats the thoracic duct 
was ligated in the chest with the animal under 
intratracheal ether or pentobarbital sodium anes- 
thesia, and then after respectively one, one, one 
and one-third, four, seventeen, and twenty-six 
hours the mesenteric lymph vessels were injected 
with mk by means of a 27 gage needle under a 
hydrostatic injection pressuie which varied be- 
tween 55 and 97 cm of water The amount of 
ink injected varied between 2 6 and 3 2 cc The 
injection apparatus was simple and consisted of 
the barrel of a 10 cc syringe, acting as a reser- 
voir, to which was attached a rubber tube 3 feet 
(0 9 meter) long leading to the barrel of a tuber- 
culin syringe, which in turn was equipped with 
the 27 gage needle In all cases the mk was 
found m the same retroperitoneal regions as 
described previously for the chyle The mk had 
a blue color, which increased m depth neai the 
cisterna chyh, thus indicating the probable source 
of escape 

However, it still remained to be demonstrated 
whether the mk might not ha\ e escaped through a 
small rupture of a lymph vessel near the cisterna 
chyh, instead of ha\mg peimeated the wall of a 
1) niph vessel To throw' light on this point, the 
trunks of 3 animals described m the preceding 
paragraph were fixed m solution of formaldehyde, 
and later the pertinent sti uctures, extending 
irom and including the point of ligation of the 
thoracic duct m the chest dow n to the iliac 
vessels and including the entiie lymphatic sis- 
tem from the intestine to the thoiacic duct, w r ere 
removed m one piece and cleared bv the Spalte- 
holz method Subsequent!} this entire block of 
tissue was cut trans\ erseh with a safet\ razoi 
blade into thin slices, which weie from 2 to 3 
mm thick These tlun preparations were then 
examined for places where the mk might have 
left a hmph \essel because of a rupture m the 
wall None was found 


Objection might be raised to the high injection 
pressure of the ink, which was 97 cm of water 
m 1 case, so far as this pressure might be rela- 
tively excessive and thus simply force the inert 
particles through the wall of a lymph vessel 
whose exit w'as blocked mechanically by a liga- 
ture To meet this cuticism mk w'as first in- 
jected into the mesenteric lymph vessels of 3 
cats m which there was no obstruction to the 
thoracic duct Then the duct w as tied, and in all 
3 experiments the mk again found its way out of 
the lymph vessels chiefly at the cisterna chyh 
One of these specimens w'as cleared by the 
Spalteholz method and examined as described 
before, and heie also no mptuie of a lymph ves- 



Fig 5 — Cross section from the same animal as fig- 
ure 3, to show* the relative size and position of the 
lymph gland, G, with reference to the large hmph 
vessel, L V , and the aorta, A A sj mpathetic nerve 
ganglion is at N The gland, G, is enlarged in figure 6 
Hematoxi h n and eo sin , x 6 

sel to account for the extravasated mk was ob- 
served 

If intralymphatic pressure was tesponsible for 
the passage of the mk particles, as just men- 
tioned, that pressure must hate developed within 
the peripheral lymph sv stem itself and not from 
any extraneous source, such as an injection fluid 
In observing a mesenteric lv mphatic during its 
injection with mk under a pressure of 90 cm 
of water, it was seen that the vessel first showed 
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lymph vessel continuously for ten minutes , no 
fuzziness occurred 

The last animal in this series was prepared 
like the previous 3 The injection pressure was, 
as befoie, 70 cm of water First the large par- 
ticles were injected into a lymph vessel for five 
minutes, then the injection apparatus was 
drained, washed out and filled with ink having 
the small particles Two injections of five and 
eight minutes respectively were made Then 
the apparatus was drained, washed out and filled 
with the «nk containing large pai tides A single 
injection for eight minutes was made Thus the 
injections of the small particles were flanked by 
the injections of the large particles No fuzzi- 
ness was observed in the outline of any of the 
vessels The entire preparation was cleared by 
the Spalteholz method, and when examined un- 
der the Greenough binocular microscope it was 
seen that fine particles of ink were outside along 
the course of the lymph vessels which had re- 
ceived the small particles but only within a 
range of about 2 cm from the mesenteric lymph 
gland , no ink particles were seen outside of the 
vessels filled with the large particles In these 
4 animals pentobarbital sodium was the anes- 
thetic It was chosen in order to' obviate a pos- 
sible objection to a dilatation which ether as the 
anesthetic might have given 
It seemed, then, that the size of the particle 
made a difference in the penetration, and to add 
to this concept 1 animal, whose thoracic duct 
was ligated twenty-three hours before, received 
an injection of a 3 per cent aqueous solution of 
trypan blue, which consists of particles finer than 
those of mdia mk The injection was made into 
the mesenteric lymph vessels with syringe and 
needle without a record of pressure It was 
seen at once that the dye diffused through the 
wall of a lymph vessel twice as quickly as the 
mk In another cat the same experiment was 
repeated except that the injection pressure was 
70 cm of the dye to correspond to the injection 
pressuies used in the experiments mentioned 
prewously In this case the dye passed through 
the vessel w r all within eight seconds 

In view of the relatively high injection pres- 
sures — about 70 cm of w r ater — the possibility 
existed that the injection pressure alone might 
be responsible for the passage of the mk particles 
through the walls of the lymph \ essels in the 
region of the cisterna chyli following ligation of 
the thoracic duct, e\en though the mesenteric 
1\ mph gland interposed Accordingly, it seemed 
reasonable first to inject the mesenteric lym- 
phatics Since presumably no obstruction of 
the lymph \ essels existed, the ink would flow 
into the reins at the termination of the thoracic 


duct in the base of the neck without any trouble, 
and the injection pressure wfiuld be of little 
moment Then the thoracic duct in the chest 
w^as to be tied From this time on the pressure 
in the inferior part of the thoracic duct w’ould 
build up of itself, and if any mk escaped from 
the lymph vessels it w'ould be due to this pres- 
sure and not to the initial injection pressure 
In the first animal, under pentobarbital sodium 
anesthesia, 8 cc of the mk was injected into the 
mesenteric lymphatics with syringe and needle 
in twenty minutes The abdomen was closed, 
and the thoracic duct was ligated in the chest 
Thirty-five minutes later the abdomen was again 
opened, and a bluish discoloration, obviously 
mk, was found in the left renal region The 
whole trunk was fixed in 4 per cent solution 
of formaldehyde, and histologic sections taken 
through the cisterna chyli showed that mk was 
outside of the lymph vessels 

In the second animal, 2 5 cc of mk was in- 
jected into the mesenteric lymphatics m seven- 
teen minutes at a fixed pressure of 70 cm of 
water The thoracic duct was ligated nine 
minutes later, and the region of the cisterna 
chyli on the left side was observed thirty 
minutes subsequently, wdien a questionable famt 
bluish discoloration w'as noted However, twenty 
minutes later the color w r as definitely blue, and 
fifteen minutes later the color was still deeper 
Examination of the cleared specimen showed 
the mk distributed m the loose areolar tissue 
about the cisterna chyli There was no rupture 
of the lymph vessels 

Since the experiments were leading into the 
field of lymph pressures, it seemed of interest 
to determine what some of the intravascular 
lymph pressures were On gross inspection, 
when a cat’s mesenteric lymph vessel was opened 
with a needle or sectioned with a quick snip of 
the scissors, the lymph rolled out limpidly and 
gave no evidence of spurting as if under pressure 
The pressure, then, in these vessels must be low 
To measure it, the same simple apparatus as 
described before w r as used The mesenteric 
lymphatics w'ere filled wnth ink, the barrel of 
the 10 cc syringe, serving as a reservoir, 
was attached to an arm wdnch could be moved 
up and dowm on a stand, so that different pres- 
sures of mk could be obtained 

To measure the pressure in the mesenteric 
lymphatics with this apparatus, the level of the 
mk m the reservoir was placed about 3 cm above 
the lei el of the vessel into which the injection 
w as to be made At this low r pressure mk w ould 
roll out of the needle slowdy, but when the point 
of the needle was bathed in the warm saline 
solution with which the assistant constantly 
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irrigated the preparation the ink would flow 
more freely and' would obscure the lymph vessel 
to be injected were it not for this frequent wash- 
ing Once the point of the needle had entered 
the lymph vessel, the ink particles could be seen 
on the bevel of the needle, and as the reservoir 
v, as raised a level was reached at which the ink 
would leave the point of the needle and slowly 
continue its flow into the lymph stream At this 
moment, with the aid of calipers, the height of 
the level of the ink m the reservoir above the 
point of the needle was measured This 
measurement was considered to be the pressuie 
within the mesenteric lymph vessel, and from 
a series of 8 animals the pressure was found to 
be respectively 3 0, 4 0, 5 3, 5 3, 5 9, 6 0, 6 7 and 
6 8 cm ot water, the average being 5 2 cm of 
w ater 

In animals with a large amount of fat in the 
mesentery, not only was it difficult to enter a 
lymph vessel but because a certain depth of fat 
had to be pierced to reach it the point of the 
needle was frequently blocked and higher read- 
ings w r ere obtained Lean animals always gave 
better preparations 

The preceding figures represent the end pies- 
sure within the mesenteric lymph vessel proxi- 
mal to the site where the point of the needle 
came to rest when it was directed, as always 
toward the intestinal lymph gland Because the 
shaft of the needle near its point completely filled 
the distal segment of the lymph vessel and thus 
prevented lymph from passing along the outside 
of the needle, these figures do not represent side 
pressures It is doubtful whether there is much 
difference between the side pressure and the end 
pressure as determined by the method just de- 
scribed Possibly the figures given are a little 
low since the direction of the flow of lymph 
is aw a> from the point of the needle, however, 
the amount and the rate of flow must of neces- 
sity be very small Any one having access to 
the fine glass capillary needles used to determine 
mtracapillary blood piessure could easily deter- 
mine the ,side pressure in the mesenteric lymph 
•vessels Apparently this tvpe of equipment was 
used by Koniges and Otto 4 in 1937 when they 
found that the pressure within the lymphatic of 
an intestinal villus of a cat anesthetized with 
dial was 33 3 cm of water The steep gradient 
of this figure to 5 2 cm of water, which is the 
a\ erage of the \ alues obtained for the mesenteric 
lwnph pressures, is striking 

4 Koniges, H G and Otto, M Studies on the 
Filtration Mechanism of the Intestinal Lwnph and on 
the Action of Acetrlchohne on It and on the Circu- 
lation of the Intestinal Villi Quart J E%per Ph>siol 
26 319 193/ 


It is not the purpose of this paper to explain 
this difference or to enter into a discussion of 
the forces responsible for the production of 
lymph Enough evidence has not accumulated 
to make such a correlation possible However, 
according to Koniges and Otto the hydrostatic 
pressure within the central lymphatic of a villus 
of the small intestine of a cat is 33 3 cm of water, 
and the capillary blood pressure in a neighboring 
villus is 42 6 cm of water What apparently is 
not known is the tissue pressure tor the villus 
The nearest approximation, probably, to this 
value is that for the subcutaneous tissue of man 
as obtained by Wells, Youmans and Miller, J and 
it is about 7 cm of water 

Objection may properly be made to the use 
of this figure foi tissue pressure m the villus, 
and yet, even though theie is some fundamental 
histologic similarity in the two areas, the tissue 
pressure in the villus could be 21 cm of w r ater 
and still not invalidate the conclusion that ob- 
viously lymph is not going to collect m a lymph 
capillary when the hydrostatic pressure within 
that capillary is 33 3 cm of water and the pres- 
sure m the surrounding tissue is only 7 or even 
21 cm of water Osmotic pressure must make 
up the difference To obtain this osmotic pres- 
sure, pioteins must be present m the lymph 
capillary in a highei concentration than in the 
fluid of adjacent tissue But Drinker and 
Yoffey G stated that lymph and tissue fluid are 
approximately identical, therefore, there can be 
no material difference in the osmotic pressure of 
these two fluids If Koniges and Otto are cor- 
rect, then there must be a high concentration of 
proteins m the lymph capillanes, with a gradual 
i eduction as the lymph reaches central and larger 
lymph vessels, from which collection of the fluid 
is simple and for which chemical analyses have 
showm that the piotem content is relatively low 
(Drinker and Yoftey) That there might be 
such a difference in piotem content foi tanous 
lymph vessels is a new physiologic concept for 
this vascular system On the other hand, if sub- 
sequent work supports that of Drinket and his 
associates, the figure of 33 3 cm of water for the 
hydrostatic pressure m a lymph capillary as de- 
termined by Koniges and Otto is too high But 
since these two authors used the same technic for 
measuring pressures in capillaries as the} did for 
determinations on blood capillaries and obtained 
values for the pressure in blood capillaries which 

5 Wells, H S , Youmans, J B , and Miller, D G , 
Jr Tissue Pressure (Intracutaneous, Subcutaneous 
and Intramuscular) as Related to Venous Pressure, 
Capillarj Filtration, and Other Factors, J Clin Imes 
tigation 17 489, 1938 

6 Drinker, C K and Yoffey, J M Ljmphatics,- 
L\mph and Lymphoid Tissue, Cambridge, Mass, Har 
iard Lnnersit} Press 1941 
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agree in general with those of other investigators 
one naturally turns reluctantly to the technical 
method as a source of error, particularly since 
this method has been widely adopted Before 
any conclusions can be drawn, three determina- 
tions are required first, of the tissue pressure 
in the villus, second, of the protein content of 
the central lymph capillary of the villus, and, 
third, of the protein content of the fluid giving 
rise to the tissue pressure For the present it 
would seem that the value of the pressure in a 
lymph capillary as determined by Komges and 
Otto is too high 

To return to the consideration of the gradient 
of the pressure from 33 3 cm of water in the 
central lymph capillary of the villus to 5 2 cm 
of water m the mesenteric lymphatic, it is pos- 
sible but not probable that an extremely small 
lymph gland or even lymph follicles intercalated 
between these two areas might account for the 
extensive difference But that a large lymph 
gland, such as the intestinal lymph gland at the 
loot of the mesentery m a cat, might act as a 
piessuie buffer was shown by the following 
experiments 

The problem was to find out whether ligation 
of the thoracic duct m the chest would cause suf- 
ficient back pressure to increase the pressure m 
a mesenteric lymph vessel 

In the first cat, the pressure in the mesenteric 
lymph vessels was measured one and two-thirds 
hours after ligation of the thoracic duct The 
piessure m six successive lymphatics was 3 2 cm 
of water In the second animal, under ether 
anesthesia also but two and two-thirds hours 
after ligation, the pressuie was 5 8 cm of water 
The third animal, foul and one-sixth hours after 
ligation, showed a pressuie of 3 2 cm of watei 
m each of six different vessels For the 3 re- 
maining animals of this series, the interval be- 
tween the ligation and the taking of pressure was 
lespectively twenty-five and three-fourths, 
tw entv-six and tv entv and one-half hours , the 
tori espondmg pressui es were 6 0,5 5 and 5 7 cm 
of water It is thus apparent that ligation of the 
thoracic duct had little effect on the pressure of 
a mesenteuc lymph vessel particularly when 
compai ed with an average of 5 2 cm of w ater in 
animals mentioned pieviously who had had no 
pi e\ ions ligation of the thoracic duct 

But the relationships between the pressuie at 
the point of ligation of the thoracic duct and 
that in the intestinal lvmph gland still were un- 
known Pievious work m 1923," had shown 
that hmph piessuie was gradual!} built up be- 

/ Lee, F C Some Observations on Lvmph Pres- 
sure ym T PInsiol 67 493 1923-1924 


hind the thoiacic duct when it was obstructed in 
the base of the neck That this pressuie might 
be considerable even m the intestinal lymph 
trunks was accidentally discovered in a cat whose 
thoracic duct had been ligated an hour and a 
half before A snip with scissors of an intestinal 
trunk sent up a sudden spurt of lymph to a 
height which was estimated to be about 15 cm 
That such a pressure was present m what seemed 
to be only a moderately distended lymph vessel 
was not suspected 

To determine what the ordinary piessure in 
the mesenteric lymph vessels was as compared 
with that in the intestinal trunks, for 3 animals 
under pentobarbital sodium anesthesia the fol- 
lowing respective values expressed in centimeters 
of w ater were obtained 3 0 and 0 5,53 and 1 3 , 
6 7 and 1 0 Obviously, the intestinal lymph 
gland acted as a pressure buffer In this respect 
one can only speculate that the normal function 
of a lymph gland is to prevent a sudden flood of 
lymph from passing suddenly into a reservoir, 
like the cisterna chyli These receptacles may be 
unable to pass the lymph along as fast as it is 
received, and thus build up pressure and force the 
lymph to permeate the walls of the lymph vessels 
and to collect in the perivascular spaces and, 
by implication also, m the peritoneum or other 
mesothelial-lmed spaces With the lymph gland 
standing as a guard under normal conditions, 
adjustments of volume and pressure of the lymph 
may be established in the periphery Even in 
disease, such as inflammation, the lymph gland 
may be able to adjust much greater degrees of 
lymph pressure and volume 

Howevei, with the thoracic duct tied in the 
chest, the pressure lelationships were opposite to 
those given m the preceding paragraph In 4 
cats in which the duct had been tied respectively 
two and two-thirds, four, twenty-six, and twenty- 
six and one-half hours before, the corresponding 
piessures of a mesenteric lymph vessel and an 
intestinal lymph trunk w ere respectively 5 8 
and 21 1 , 3 2 and 16 5 , 5 5 and 30 0 5 7 and 
63 5 cm of water 

These measurements showed that ligation of 
the thoracic duct did not increase the pressure m 
the mesenteric lymph vessels but did raise the 
pressure m the intestinal trunks It should be 
noted that in the last 3 of the 4 animals just 
mentioned the pressure within the intestinal 
hmph trunks was measured by inserting an 18 
gage needle attached to a glass tube having a 
millimeter bore The height to which the lvmph 
rose m the tube was considered to indicate the 
hmph pressure of the side wall since the needle 
did not obturate the lumen of the v es** ’ 
the walls of the intestinal lvmpl-'^ 
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thin and since even slight manipulation ot the 
needle would enlarge the opening of the wall to 
a gi eater size than that obstructed by the needle, 
thus causing a leak and producing a low pres- 
sure leading, the shaft of the needle near the 
point was coated heavily with petrolatum m 
oider to seal the leak around the needle 

That such a high lymph pressure as 63 5 cm 
of water could be developed is not surprising in 
view ot the pressure of 120 cm which Field, 
Drinker and White 8 obtained in the leg of a dog 
above the site of a sterile inflammation In all 
probability the valves m the lymph vessels, m 
addition to the structure of the intestinal lymph 
gland were responsible foi the gradient of pres- 
sure, which was normal m the mesenteric lymph 
vessels Of these two factors, it is believed that 
the lymph gland played the larger role, because 
Doth pressure leadings were taken near the 
gland, which eliminated the consideration of 
many valves Besides, the edematous character 
of the medulla of the lymph gland, as shown m 
figure 6, indicated that the valves in the efferent 
i essels w ere not competent 

The fact that the intestinal lymph gland acted 
as a barrier between the high pressures built up 
m the intestinal trunks and the low pressures m 
N the mesenteric lymphatics following ligation of 
e thoracic duct may indicate that the pressure 
was probably the chief factor responsible for the 
e\tra\asation of lymphocytes, as mentioned 
earlier in this report 

It may be well to point out that since small 
particles may pass through the wall of a lymph 
\essel, particularly when the pressure within the 
\essel is high, the condition of lymphangitis may 
be due to an inflammatory reaction around bac- 
teria situated w ithin the wall of the lymph vessel 
or immediately outside of it 

Again, since certain portions of a lymph ves- 
sel such as the segment immediately distal to 
the intestinal lymph gland, seem to be more 
permeable than other sections, it is possible that 
such a weakness may be responsible for the for- 
mation of 1} mph c} sts 0 

There still remained the consideration of 
whether the intestinal lymph gland would act as 
a buffer should the pressure in the mesenteric 
hmph glands be raised Ordinarily it might be 
expected that the h mph node w ould not impede 
an excessne flow of lymph w'luch is moving in 
its normal channels and m the normal direction 
And if the \olume of ljmph were increased, 
would the proximal portion of the lymph gland 


S Field, M E , Drinker, C K , and White, J C 

Iwmph Pressure in Sterile Inflammation, T Exper 
Med 56 363, 1932 

9 Lee F C Large Retroperitoneal Cfwlous C\st, 
Arch Surg 44 61 (Jan ) 1942 


allow it to pass as fast as it was presented or 
would the lymph stream be impeded and pres- 
sure built up on the distal side of the gland ? 

To throw some light on this problem, an in- 
creased flow of lymph from the small intestine 
was obtained by injecting 0 2 cc of turpentine 
with a 27 gage needle into the antimesenteric 
serosa every inch (2 5 cm ) for 10 inches (25 
cm ) of a cat’s small intestine m the direction of 
normal peristalsis after the pressure of a control 
mesenteric lymph vessel just proximal to the 
injected segment had been taken Pressure 
readings w'ere then observed in the successne 
mesenteric lymphatics which drained the seg- 
ment of the bowel which had been treated with 
turpentine In the first animal, this pressure 
increased from 6 6 cm to 40 5 cm of water bv 
the end of seventeen minutes, successive distal 
vessels for each determination being used After 
five more minutes, the same reading of 40 5 cm 
was obtained By this time the mesenteric lymph 
vessels were larger and fuller, indicating an m- 
ci ease m the amount of lymph At this point the 
pressuie of an intestinal trunk w r as measured 
The reading w r as 11 5 cm of water, indicating a 
distinct difference m pressure between the two 
sides of the lymph gland 

The second cat w r as pregnant, weighed 4 Kg 
and showed a gradual rise of pressure in a 
mesenteric lymph vessel from 5 9 cm to 23 7 
cm of water by the end of one and one-third 
hours Fourteen minutes after this highest read- 
ing had been taken, the pressure had fallen to 
13 6 cm of water At this point the lymph , 
pressure in an intestinal trunk was 4 1 cm of 
w'ater 

In the third animal, the pressure m a mesen- 
tei ic lymph vessel increased from 6 0 cm to 
23 6 cm of water at the end of fifty-seven min- 
utes, at which time, with the pressure still going 
up, the pressure of an intestinal lymph trunk 
w S * 7 as 14 6 cm of water 

The observations on 3 animals showed that 
the intestinal lymph gland would buffer volumes 
and pressures of lymph flowing in the normal 
direction, but not as effectively as when it w r as 
flowing m the reverse direction Probably the 
valves of the lymph vessels might account for 
some of this difference In addition, small 
amounts of turpentine possibly were earned along 
m the lymph stream and reached the lymph 
gland, causing enough irritation to produce, 
even m such a relative!) short time, some ob- 
struction to the lymph channels, which accounted 
for a difference m pressure 

That the lymph gland, in view of the pressure 
relations just described, is m any way comparable 
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to the possible buffer action of the blood vessel 
rete mirabile, which cushions the central nervous 
system of whales (cetacea) , is purely speculative 

A few general remarks about the experiments 
may now be made 

At first the anesthetic used was intratracheally 
administered ether But when the possibility 
arose that this anesthetic might be paitly re- 
sponsible for the permeability of lymph vessels, 
pentobarbital sodium was employed mtraperi- 
toneally, in a dose of 0 7 cc of a 5 per cent 
aqueous solution per kilogram of body weight 
Even the thoracic duct m the chest was ligated 
with the animal under geneial pentobarbital anes- 
thesia However, it was soon felt that there 
was little difference m the action of the two 
anesthetics as far as these experiments were con- 
cerned, and the majority of the animals received 
pentobarbital, ether being given only when the 
thoracic duct was ligated m the chest No ex- 
periments were made to determine whether the 
pentobarbital sodium administered mtrapeii- 
toneally had any direct effect on the lymph 
i essels 

Great help was derived from the use of a 
small loupe, which was worn like a pan of spec- 
tacles and which gave a magnification of about 
three diameters It was used for every injection 

The animals were kept warm by means of an 
electric light, which was placed near the struc- 
ture under examination Frequent washing with 
warm saline solution prevented drying of the 
tissues 

Whenever it was desired to have the mesen- 
teric lymphatic system filled with chyle, the cat 
W'as starved for twenty -four hours and then fed 
rich milk at least three, preferably four, hours 
before the anesthetic was given Meat as a sub- 
stitute for the milk was unsatisfactory because 
it increased the time required for the formation 
of chyle 

SUMMARY 

In experiments on cats it was found that liga- 
tion of the thoracic duct m the chest produced 
an extravasation of chyle, first m the region of 
the cisterna chyli, as early as forty-five minutes 


aftei the operation From this general region 
the chyle spread retropentoneally and also into 
the leaves of the mesentery Small lymph glands 
became edematous 

Under these conditions, the lymphocytes were 
concentrated m the lymph vessels distal to the 
ligation of the thoiacic duct but not beyond 
the intestinal lymph gland, which acted as a 
barnei In addition, a large number of lympho- 
cytes passed through the walls of the lymph 
vessels and were frequently deposited m masses 
resembling lymph glands The greatest concen- 
tiation of the lymphocytes was m the region 
immediately below the renal veins It is probable 
that mtralymphatic pressure played a part m 
forcing the lymphocytes into this extravascular 
position 

Commercial India mk when injected into the 
mesenteric lymphatics soon passed through the 
walls of these vessels without causing a rupture 
When this mk was used after having been 
dialyzed against saline solution, permeation did 
not occur so readily 

When the thoracic duct was ligated first, the 
dialyzed mk passed through the lymph vessels 
like chyle and lymphocytes, without requiring a 
rupture of the walls 

It was found that the large particles of centri- 
fuged, dialyzed mk were held back by the walls 
of the lymph vessels, whereas the small particles 
passed through Trypan blue, containing still 
smaller particles, went through more readily 

Pressure within the mesenteric lymph vessels 
was found to be about 5 2 cm of water , in the 
intestinal lymph trunks, about 1 0 cm of water 

Ligation of the thoracic duct m the chest caused 
no appreciable increase m the pressure m the 
mesenteric lymph vessels, but it did cause the 
pressuie m the intestinal lymph trunks to rise 
to as much as 63 5 cm m 1 instance The large 
intestinal lymph gland seemed to act as a buffer 
in the lymphatic system 

This gland also acted as a buffer when the 
pressure in the mesenteric lymph vessels went 
as high as 40 5 cm of water while that in the 
intestinal trunks registered only 1 1 5 cm 



ADMINISTRATION OF SUCCINYLSULFATHIAZOLE BEFORE 
AND AFTER HEMORRHOIDECTOMY 

LIEUTENANT LEO L LEVERIDGE 
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Hemorrhoidectom} is an elective operative 
procedure, tiaditionally perfotmed m a contam- 
inated field The presence of latge numbeis of 
potentially pathogenic bactena in this operative 
site, and flowing ovei the healing wounds post- 
operatively, has always had to be accepted as 
unavoidable With recent de\elopments of 
chemotherapy, means appear now within leach 
to altei these conditions 

Two drugs, sulfamlylguamdme and succmyl- 
sulfathiazole, 1 have been leported to deciease 
the bacterial flora in the gastrointestinal tiact, 
apparently without excessive systemic absotp- 
tion The newei drug succmylsulfathiazole, - 
appeais to be less toxic and vet to be as effec- 
tive as sulfanilylguanidme with the additional 
advantage of being effectual in the piesence of 
ulcerating lesions of the bowel 3 


This stud} was made possible by the cooperation of 
the following officers of the Medical Corps of the Army 
of the United States on the staff of the Station Hospital 
Camp Blanding, Fla Major J V Freeman, Chief of 
the Surgical Sen ice, Major J E Rvan, Chief of Septic 
Surgen, and Major J T Cuttino, Chief of the 
Laboraton Sen ice The problem was suggested by 
Major J W Anms, Chief of the Gastrointestinal 
Section ot the Medical Sen ice, and the work could 
not haye been done without the assistance of Major A 
Fodor, Sanitan Corps, Army of the United States, 
Assistant to the Chief of the Laboratory Sen ice 

Dr E J Poth Gaheston Tex, and Dr E L 
Burbidge, Sharp and Dohme Philadelphia, made mam 
helpful suggestions 

1 The succimlsulfithiazole (sulfasuxidine) employed 
in tins study \yas furnished by Sharp &. Dohme, Phila- 
delphia 

2 Miller, E , Rock H J , and Moore, M L 
Substituted Sulfanilamides N 4 -Acyl Deriratnes, J 
\m Chem Soc 61 1198 1939 Moore M L and 
Miller, C S Dicarboxylic Ncid Dematires of Sul- 
toinmide' ibid 61 1572 1942 


CHEMISTRY OF SLCCINVLSULrATHIAZOLE 

Structurally, succinylsulfatluazole is a succinic 
acid derivative of sulfatluazole It is relativeh 
stiongly acid in reaction Its solubility m water 
is low, 0070 Gm dissolving in 100 cc of water 
at 37 C However, the sodium salt of succmjl- 
sulfathiazole is considerably more soluble, as 
much as 50 Gm can be dissolved m 100 cc of 
w ater 

TO\I C REACTIONS TO SUCCINYLSUEFA- 
THIAZOLE 

Toxic manifestations of succinylsulfatluazole 
repoitedly are “infrequent and mild 
An occasional individual may complain of dizzi- 
ness, headache, or loss of appetite " 4 There 
have been recorded, however, 2 instances of 
severe reaction In 1, which was the only in- 
stance of such leaction among a total of 250 
patients receiving the diug, the patient had a 
prompt l ecovery , 4 in the other, an isolated case, 
the patient succumbed to a fatal agranulocytosis ' 
Both patients were noted to have headache, 
nausea and vomiting, and chills and lever Each 
of the 2 manifested a reaction to plain sulfa- 
thiazole as well as to the succinylsulfatluazole 
It may be postulated that these patients u r ere 
hypersensitive to sulfatluazole, which is reported 
to be liberated from succmylsulfathiazole by 
hvdi olysis m the intestines and the liver 3 


3 (a) Poth, E J , Knotts, F L , Lee, J T , and 
Inui, F Bacteriostatic Properties of Sulfanilamide and 
Some of Its Derivatives I Succinylsulfatluazole, a 
Neyv Chemotherapeutic Agent Locally Active in the 
Gastrointestinal Tract, Arch Surg 44 187 (Feb) 1942 
(b) Poth, E J, and Knotts, F L Clinical Use of 
Succmylsulfathiazole, ibid 44 208 (Feb) 1942 

4 Poth, E J Succinj Isulfathiazole An Adjuvant 
in Surgery of the Large Borvel, JAMA 120 265 
(Sept 26) 1942 

5 Johnson, SAM Acute Agranulocytosis Due 
to the Administration of Succinylsulfatluazole, J A 
M A 122 668 (July 3) 1943 

366 



LEV ERIDGE— HEMORRHOIDECTOMY 


367 


BACTERIOLOGIC STUDIES Or SUCCINYL- 
SULFAT III AZOLE 

E J Poth and his associates have made the 
original basic study of succinylsulfathiazole 3 
They have shown the diug to be almost totally 
lacking in antibacterial activity m vitro against 
Escherichia coh but m vivo to decrease the coli- 
form bactena count fiom about 10,000,000 to 
less than 1,000 organisms per gram of wet stool 
m one to seven days (usually m three to five 
days) of oral administration 

In addition to Esch coll, they observed that 
the Shiga, Flexnet and Sonne strains of the 
dysentery bacillus vvete especially susceptible to 
the antibacterial action of this compound The 
specific action of succinylsulfathiazole on the 
dysentery bacillus (Flexner) has been con- 
firmed 6 Apparently othei organisms m the 
intestines were affected by succinylsulfathiazole 
given orally, although these were not identified 
It was reported 4 that the gram-positive and 
the gram-negatn e organisms, which are normally 
equal m number, deci eased under succmylsulfa- 
thiazoie therapj at approximately the same 
logarithmic rate for a few days, until the giam- 
positive population became constant The nttm- 
bei of gram-negative bacteria continued to fall 
and this deciease was said to be due not solely 
to the change in coliform oiganisms 
The drug was said to have no appaient effect 
on the glow th of the typhoid and paratyphoid 
organisms, Sti eptococcus faecahs alpha or Bacil- 
lus proteus Also, Aeiobactei aerogenes was 
considered more lesistant than Esch coh to the 
action of succinylsulfathiazole 3b 

With succinylsulfathiazole theiapy the stools 
became soft, gelatinous, mucoid paler and rela- 
te ely odorless contained visible undigested tood 
pai tides and were smaller in bulk 

REPORTED \PPUCATIONS Or SUCCTNVL- 
SULEATIU \ZOLE IN SURGICAL 
PRACTICE 

It was lcpoited that at laparotomy following 
pieoperative piepaiation with succim Isulfathia- 
7ole the bowel was found to be collapsed and 
free from gas and fecal material The mucosa 
showed no ewdence of local irritation due to 

6 Smith, C T , Finhclstem, M B Gould, S E 
Koppi T M , and I.eeder T S \cute Bacillarv 
Dvscnterv (Flexner) Treatment with Sulfaguamdmc 
and Succim Fulfathtazole J A. M A 121 1325 (April 
2 - 1 ) 1041 


action of the drug In an experiment, the colon 
of a dog receiving this therap) was divided 
ti ansversel)' through one third of its diameter, 
and the lesion was observed to heal without the 
pioduction of fatal peritonitis, provided that the 
bowel was found empty at the time of lapa- 
l otomy 3b 

A series of 50 patients undergoing suigical 
tieatment of the laige bowel who were given 
the drug as preoperative prepaiation and as 
postoperative therapy weie observed to have an 
unusually smooth postoperative course Senous 
complications due to infection following fecal 
contamination weie not encounteied, and 
shortened periods of hospitalization and of con- 
valescence w'ere reported 4 

PRESENT STUD\ 

It was decided to study a small, conti oiled 
series of patients subjected to liemoi rhoidectomy 
to whom succinylsulfathiazole was given pie- 
operatively and postoperatively m order to de- 
termine whether this drug promised to altei 
the usual postoperative course 

All patients with uncomplicated hemorrhoids admitted 
to the station hospital, Camp Blanding, Fla , for surgical 
treatment during a seven week period were included in 
this study As the patients were admitted, all but 1 
were alternately placed m the group receiving suc- 
cmy lsulfathiazole or m the control group Cooperation 
was voluntary on the part of the soldiers, and only 
1 patient declined to take the drug He was placed in 
the control group Twenty patients u r ere followed — 
10 controls and 10 receiving the drug The average 
age of the men in each group was found to be 26 years 

Succinylsulfathiazole was given on the basis of 0 5 
Gm per kilogram of body weight for the first twentv- 
four hours, followed bv a maintenance dose of 0 25 Gm 
per kilogram daily, divided into six portions, to be taken 
every four hours This was administered between five 
and nine days preoperatnely, the average period being 
six and six-tenths days, and for twelve to fourteen days 
postoperatively A smaller dose (0 1 Gm per kilogram 
daily) may be equallv effective for maintenance after 
the coliform bacillus count of the stools has decreased 
to 1,000 organisms per gram or lower" It was felt 
however, that until the smaller dose has been generallv 
accepted, in this new use of succinv lsulfathiazole it was 
wiser to give the drug m amounts which had alreadv 
been established as effective 

Patients receiving succinv lsulfathiazole had complete 
blood counts and a urinalysis every other dav Levels 
of the sulfonamide drug m the blood were determined 
daih for the first few davs and then about every third 
dav Cohiorm bactena counts of the stools were fol- 


7 Burbidge E L Sharp &. Dolime Medical Re- 
search Division Personal communication to the author 
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low ed For comparison, two or three complete blood 
counts were taken for each of the control patients 

The controls were prepared with magnesium sulfate 
administered orally and a cleansing enema the night 
before operation, whereas both of these were omitted in 
the preparation of patients receiving succinylsulfa- 
thiazole (These patients at no time were given any 
laxatives, enemas or liquid petrolatum, which are said 
to impede the action of the drug 3 ) At operation, feces 
were rarely encountered in the rectum and were found 
no more frequently in one group than in the other 

Preoperative diet and sedation were identical for the 
two groups 

OPERATIVE PROCEDURE 

Hemorrhoidectomy was performed by anatomic dis- 
section (modified Milligan-Morgan procedure) No 
sutures were employed to approximate the cut muco- 
cutaneous edges This operation was particularly 
adapted to this study because it left large areas denuded 
of mucosa and skin Hence the rapidity of healing 
and regeneration was easily observed, and the effect, if 
any, of the drug was most readily assessed 

Under spinal anesthesia, the patient was placed in 
the prone position, and the area about the anus was 
cleaned W'lth alcohol and was sprayed with either 
merthiolate solution or another suitable antiseptic Ihe 
patient was draped, and the anus was gently dilated 
with one to three fingers The hemorrhoids w ere 
identified, and they w-ere successively removed as fol- 
low’s 

An Allis clamp was placed on an external hemoirhoid 
and another on the skin, about 1 inch (2 5 cm ) distal 
to the hemorrhoid and in a line with it to serve as guide 
The corresponding internal hemorrhoid was clamped 
near its base with the tip of a curved Kelly clamp A 
suture-ligature was tied about the base of the hemor- 
rhoid, and the excess length of the suture was retained 
for later use Then commencing Yz inch (12 cm) 
distal to the external hemorrhoid, an incision was made 
along each side of the hemorrhoid and continued as far 
as practicable in the mucosa toward the suture-ligature 
Bj a combination of sharp and of blunt dissection, the 
hemorrhoid w'as separated from its bed In so doing, 
the integrity of the sphincters was maintained When 
the dissection had proceeded to within Ys inch (1 4 cm ) 
of the suture-ligature, one end of this suture was carried 
on a needle once through the cut edges of the mucosa, 
tied and then tied around the entire stump of the 
hemorrhoid The mass distal to the ligature was cut 
off Hemostasis of the hemorrhoidal bed was obtained 
bi pressure and, w’hen it was found necessary, by 
additional ligatures, \arjmg in number from one to 
three Few were found necessary 
The same procedure was repeated on the remaining 
hemorrhoids, and care was taken to leaie bridges of 
Va mch (06 cm) to inch (12 cm) of intact skm 
and mucosa between dissected areas Any external 
hemorrhoidal tissue remaining was excised or was 
punctured bj undermining the mucocutaneous bridges 
No 1 plain catgut (Cunti brand or a comparable size 
of other manufacture) was emploied throughout A 


gauze pack lubricated with 1 per cent nupercame hydro 
chloride ointment was inserted into the rectum, and a 
piessure bandage w’as applied externally In cases 7 
and 9, sulfathiazole ointment (1 per cent) w'as employed 
on the pack as a lubricant It was also applied e\ 
ternally during the postoperative period in these 2 cases 
Postoperative care was identical for the two groups, 
except for the previously mentioned laboratory pro 
cedures in the case of the patients given succinyl 
sulfathiazole Also, the control patients received liquid 
petrolatum, as has been indicated, w'hereas it was not 
given to those receiving the drug 
All patients were examined practically every day 
They reported the number and the character of their 
bowel movements and the degree of associated tender 
ness Excessive bleeding was noted, as well as loss of 
appetite and nausea or vomiting They were inspected 
for external edema and for evidence of healing in the 
rather large w'ounds of the perianal skin Starting with 
the seventh postoperative day, digital and anoscopic 
examinations w'ere made every other day Tender- 
ness, healing and congestion of the anorectal skm and 
mucosa w’ere thus evaluated 

TOXIC MANIFESTATIONS 

No toxic symptoms were manifested while 
succmylsulfathiazole was administered preopera- 
tively The following were observed on the first 
and succeeding postoperative days 

Loss of appetite was noted in 7 patients of the 
10 receiving succmylsulfathiazole for an average 
of three days’ duration Of the controls, 5 had 
the same complaint for an average of two days 
Nausea was felt by 7 of the patients receiving 
the medication for an average of two days, as 
compared with 3 control patients Who were 
nauseated for one day each 

Vomiting was observed m 3 patients given 
the drug, as compared with 1 control All of 
these had this symptom for one day, except 1 
patient receiving succmylsulfathiazole, who 
vomited on two days 

Since the control group differed from that 
receiving therapy only in the frequency and the 
duration of the postoperative complaints just 
mentioned, it is questionable whether these can 
be considered true toxic symptoms They may 
represent aggravation, by the large volume of 
medication administered, of a slight functional 
gastrointestinal irritability associated with this 
operation In the last 3 cases the method of 
administration of the drug by means of 0 5 Gm 
capsules i\as changed by dissolving the doses of 
succmylsulfathiazole m peppermint water alkalin- 
ized with sodium bicarbonate Approximately 
the same rate of “toxic” symptoms was noted in 
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these 3 patients as m the preceding 7 who 
teceived capsules 

In the first patient given succinylsulfathiazole 
(case 1), undue alarm was caused by loss of 
appetite and by moderately severe nausea and 
vomiting on the first postoperative day The 
drug was then discontinued The reaction of 


locytopema and anemia developed This 
patient had a history of bruising easily There 
was no history of previous sulfonamide therapy 
On the eighth postoperative day, after receiving 
the drug fifteen dajs, he suddenly manifested 
a white blood cell count of 4,700 with 40 per 
cent polymorphonuclears and 55 per cent lymph- 


Rcsults Observed * 


Controls I Patients Receiving Succinylsulfathiazole 
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Case Number 
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4 
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8 
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12 
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16 

18 

20 

1 

O 

5 

7 

9 

11 

15 

17 

19 

21 
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31 
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27 

23 
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35 
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24 

27 

37 
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31 

29 

18 

23 

32 

23 

Total dose of drug m 
grams 
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■4201 

327 

37S 

419 

299 

327 

34S 

450 

453 

Maintenance dose per Kg 
of body weight 











0 26 

0 25 

025 

0 26 

0 24 

0 26 

0 25 

0 25 

0 25 

0 2o 

Days of preoperative 
therapy 











5 

7 

5 

7 

7 

6 

6 

7 

7 

9 

Number of hemorrhoids 
e\cised 

3 

3 

4 

3 

4 

3 

4 

4 

4 

3 

3 

3 

3 

3 

3 

5 

3 

3 

3 

3 

Postoperative days be 
fore first bowel move 
ment 

1 

3 

3 

4 

2 

3 

2 

o 

o 

1 

1 

o 

1 

3 

1 

1 

2 

1 

2 

2 

Average number of post 
operative bowel move 
meats dally 

1 

1 

2 

1 

3 

1 

1 

i 

2 

2 

1 

2 

1 

1 

2 

2 

1 

1 

i 

1 

Days of severe rectal pain 

1 

1 

1 

1 

2 

X 

3 

i 

0 

0 

1 

0 

2 

1 

1 

0 

0 

0 

i 

1 

Days of severe tenderness 
on bowel movement 

G 

S 

14 

9 

2 

4 

3 

3 

5 

0 

5 

8 

0 

6 

5 

0 

4 

0 

9 

4 

Days of discernible anal 
edema 

5 

3 

6 

11 

13 

11 

7 

12 

7 

2 

12 

3 

3 

12 

8 

>12 

5 

8 

14 

9 

Days of moderate ten >17 
derncss on digital 
examination 

>14 

>10 

>11 

>13 

>13 

>10 

10 

9 

0 

>14 

9 

>12 

>13 

>15 

12 

7 

7 

>17 

>12 

Days of moderate con 
gestion of mucosa 

17 

>14 

>10 

>11 

13 

13 

>10 

>14 

>10 

13 

9 

30 

12 

0 

13 

12 

10 

>13 

>17 

>14 

Days to near healing 
externally 

17 

12 

s 

>11 

11 

14 

14 

15 

9 

>13 

14 

21 

11 

13 

15 

11 

>12 

>13 

12 

12 

Dnjs to near healing 
Internally 

17 

>U 

16 

21 

13 

13 

12 

12 

10 

13 

14 

30 

12 

9 

13 

12 

10 

11 

>15 

9 

Postoperative days to 

IS 

15 

17 

12 

14 

15 

17 

16 

15 

14 

15 

55 

13 

15 

10 

13 

13 

13 

18 

14 


discharge 

* > Indicates that symptom was still present or that near healing was not vet attained on the patient’s discharge from the 
hospital 

t Administration of the drug was discontinued on the first postoperative day 
t Granulocytopenia and anemia developed 


this patient, therefore, could not be considered 
in the postoperative evaluation of the drug, 
although he was observed with the others 
The let el of sulfonamide compound in the 
blood, free and combined, was repeatedl) less 
than 2 mg per bundled cubic centimeters of 
blood m all cases Cnstals of the compound 
ueie never found m the urine 
Significant changes weie noted m the blood 
pictuie onh toi patient 3 m whom granu- 


ocvtes The red blood cell count was 3,300,000 
and the hemoglobin content 76 per cent (Hel- 
lige) The blood counts improved in the next 
four days , so use of the drug was not discon- 
tinued Then on the twelfth postoperative dav 
alter nineteen dav s of therapv , another low 
count was obtained — white blood cells 4,100, 
with 41 per cent poh morphonuclears and 58 
per cent hmphocvtes red blood cells 3,900,000, 
with 70 per cent hemoglobin Administration 
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of succinylsulfathiazole was discontinued on this 
day The following day an equally low blood 
count was reported The counts increased spon- 
taneously thereafter, but abnormally low 1 eadings 
were again obtained on the nineteenth, twentieth, 
thirty-first and thirty-sixth postoperative days, 
with low normal counts m the interim On the 
twenty-fifth postoperative day the patient was 
given liver extract (50 U S P units at first 
and then 20 units intramuscularly every other 
day for sereral weeks) Finally the blood count 
became stable From the fiftieth to the sixtieth 
postoperative day it averaged white cells 6,200, 
with 50 per cent polymorphonuclears and 44 per 
cent lymphocytes, red cells 3,700,000 and hemo- 
globin 75 per cent When questioned, the patient 
complained of some lassitude and some anal 
burning due to a persistent postoperative anal 
fissure At the time this is written, the fissure 
appears to be healing, and in all other respects 
the man is well and active 

RESULTS 

The results are summarized m the table 

Four of the 10 patients given succmylsulfa- 
tluazole had no severe postoperative pain, 2 
of the same number of controls likewise had no 
severe pam 

Three patients receiving the drug did not have 
marked tenderness associated with defecation 
postoperatively, as compared with 1 control 

Marked perianal edema was present in 2 pa- 
tients receiving succinylsulfathiazole, 1 of whom 
displat ed this reaction for four days and the 
other for one day This degree of edema was 
obsen ed m 5 of the control patients, m 1 for 
two days and in the others for one day each 
The duration of perianal edema, when recorded 
as the least discernible cutaneous distention 
present, ateraged about eight postoperative days 
for each group 

Etaluation of the postoperative course m terms 
ot tenderness to digital examination, of external 
and internal healing and of congestion of the 
anus and rectum cannot be expressed statistically 
because mam patients were discharged before 
complete relief ot all of these symptoms was 
reached Consideration of the figures, houeier, 
confirms the clinical impression that there was 
no appreciable difference m the rate of healing 


or m the resolution of inflammation in the two 
groups 

One patient receiving succinylsulfathiazole 
(case 17) had a fairly severe postoperative 
hemorrhage, which was readily controlled by 
repacking None of the controls bled to any 
extent As an occasional hemorrhage will be 
encountered after this procedure, 1 instance is 
not significant 

With the exception of patients 1 and 3, who 
did not have the full course of therapy, the 
patients receiving the drug were discharged to 
full duty in an average of fourteen days post- 
operatively The controls were discharged m 
fifteen days’ average time 

COMMENT 

After hemorrhoidectomies, the individual 
variation of postoperative course is great To 
prove a statistically valid difference between 
any 2 groups of patients subjected to hernor- 
i hoidectomy would require studies of at least 
several hundred persons Neiertheless, if suc- 
cinylsulfathiazole theiapy is of great practical 
value for such patients it should have been appar- 
ent in this small controlled group Although the 
figures reported appear to indicate a somewhat 
more comfortable average postoperative course 
w r hen succinylsulfathiazole is used, the series is 
too small for these figures to be statistically sig- 
nificant In any case, the results are not striking, 
nor do they appear to justify the use with minor 
surgical procedures of a drug such as this, with 
toxic potentialities 

These results are probably due to the fact that 
succinylsulfathiazole is ineffectual against certain 
of the organisms present in the stool On the 
other hand, even if a drug were available which 
would eliminate all potentially pathogenic in- 
testinal organisms, it is possible that the natural 
resistance to infection of wounds in the anorectal 
region is so great that production of a sterile 
field would not hasten their healing 

SUMMARY and CONCLUSIONS 

Succinylsulfathiazole lias been reported by 
other physicians to be the drug of choice for 
the treatment of bacillary dysentery and for use 
before and after surgical operations on the large 
bowel 
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A trial series of 20 patients were subjected to 
hemorrhoidectomy, 10 receiving the standard 
dose of succinylsulfathiazole and 10 being con- 
trols 

This series included 1 patient who manifested 
a mild, asymptomatic, transitory, recurrent 


granulocytopenia and anemia after fifteen days 
of therapy 

It is concluded that the use of succm) lsulfa- 
thiazole as preoperative and postoperative ther- 
apy in hemorrhoidectomy does not promise to 
be sufficiently advantageous to justify the risk 
of its occasional toxic manifestations 


CORRECTION 

In the article by Dr Robert R Linton entitled “Two- the head of the pancreas was grven to Dr Whipple, 

Stage Operation for Carcinoma of the Transverse whereas it should have been given to Dr Alexander 

Colon Producing Duodenocolic Fistula Report of Two Brunschwig, who published the first report of a case in 

Cases,” which appeared in the March issue (Arch which this operation was used ( Surg , Gyncc & Obst 

Surg 48 197, 1944), credit for the first successful ex- 65 681, 1937) 
tirpation of the head of the pancreas for carcinoma of 




TRAUMATIC RETROPERITONEAL RUPTURE OF THE DUODENUM 

PRESENTATION OF A CASE AND REVIEW OF LITERATURE 


LIEUTENANT (jg) MURRAY L JOHNSON (MC), US NR 


Traumatic surgery at the present time is of 
great interest to physicians Traumatic retro- 
peritoneal rupture of the duodenum, though rare, 
is a condition well worth attention Reports 
show plainly that too frequently operation is de- 
layed and that the lesion may be missed at 
operation, and that the prognosis is poor because 
of these factors Thus it behooves every surgeon 
who is called on to treat patients as surgical 
emergencies to have some established knowledge 
of duodenal ruptures into the retroperitoneal tis- 
sues and to be able to find an occult lesion 
when exploring the peritoneal cavity He will be 
helped by knowledge of technical factors gained 
from reports of successful or unsuccessful cases 
Reports 1 from the present conflict have re- 
corded cases of intestinal rupture from “im- 
mersion blast force " Study of these reveals the 
mechanics of many of the retroperitoneal duo- 
denal injuries Experimental and physical data 
suggest that intestinal rupture caused by im- 
mersion blasts is due not to the first impulse of 
the blast but more likely to the secondary pres- 
sure and concussion effect of actual movement 
of water away from the scene of underwater 
explosion These forces have been reported as 
acting up to a distance of several hundred feet 
There are also undoubted cases of rupture due 
to crushing of the duodenum against the ver- 
tebral column Many authors have felt that a 


From the surgical services of Union Memorial Hos- 
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crushing force was responsible for a majorit) 
of intestinal ruptuies, but with reports of rup- 
ture by blast force this mechanism becomes 
important, particularly in the duodenum where 
almost its entirety is m a protected area Also 
the pathologic findings are those to be expected 
when a “blow-out” occurs — no contusion of the 
duodenal wall, the mucosal edges not injured 
and the location of the retroperitoneal rupture 
of the duodenum most frequently away from the 
vertebral column Concomitant injury of the 
pancreas is rare, and this would not be so if 
most of the injuries resulted from crushing bv 
direct force The forces reported to produce 
retroperitoneal rupture of the duodenum are 
usually a sudden blunt blow to the abdomen, as 
the kick of an animal, not necessarily over the 
duodenum, and sudden squeezing, as ■when a 
person is caught between tw r o vehicles, or falls 
from moderate heights 

The force necessary to rupture a normal bowel 
is surprisingly low’’ Andrew's 2 found that a 
force of 6 to 10 pounds (2 7 to 4 5 Kg ) will 
lupture the intestine m man Since the pylorus 
is at one end of the duodenum and the superior 
mesenteric artery and root of the mesentery press 
on the fixed duodenojejunal flexure at the other 
end, producing a closed system, with proper di- 
rection of opposing forces rupture will occur 

Retroperitoneal rupture of the duodenum fre- 
quently occurs alone, though of course it may be 
associated with other serious conditions In the 
case I report there was an isolated lesion, pro- 
ducing a clearcut clinical picture, as I did not 
see the patient until twenty hours after the rup- 
ture occurred The case may well be piesented 
in some detail as a pure case of retroperitoneal 
rupture of the duodenum due to trauma 

REPORT OF CASE 

N W , a 10 year old boy, was admitted to the hos- 
pital at 4 10pm on Jan 23, 1943, complaining of severe 
pain in his abdomen, right loin and back The historv 
revealed that at 8 30 p m the previous evening the 
patient had been struck by an automobile while riding 
his bicvcle His wind was knocked out, but lie soon 
recovered He was taken to a local phvsician, who 


- Andrews, E W Pneumatic Rupture of the 
ntestme, a New Tjpe of Industrial Accident, Surg, 
Gvnec & Obst 12 63-72 (Jan) 1911 
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examined him and advised him to return if he did not 
improve That night the right side of the abdomen and 
back became progressively more tender, and he vomited 
whenever he attempted to take water, there was no 
blood in the vomitus, however He had a normal move- 
ment of the bowels the following morning, and voiding 
of urine was essentiallv normal Another local physician 
seen in the morning advised hospitalization It was 
after 4 00 p m when he was brought into the city and 
hospitalized The past history was otherwise unim- 


portant 

He was a well developed and well nourished boy 
with a flushed face He was lying quietly There was 
some grunting with respiration, and apparently he was 
in considerable distress His temperature was 102 I' 
(rectal), the pulse rate 120, respiration 32 and blood 
pressure 105 systolic and 65 diastolic His abdomen 
was slightly distended with generalized spasm, being 
more rigid on the right side The points of greatest 
tenderness were the right costovertebral angle, flank 
and upper right quadrant of the abdomen Rebound 
pain was not as intense as pain on pressure Liver 
dulness was normal The most striking auscultatory 
phenomenon was the clear transmission of the cardiac 
sounds over the entire right side of the abdomen (Clay- 
brook’s sign) A few borborygmi were heard There 
was a small area of ecchymosis slightly to the left of 
the umbilicus The leukocytes numbered 14,200, poly- 
morphonuclear forms predominating, hemoglobin was 
89 per cent Urinalysis gave normal results except for 
a trace of albumin and numerous pus cells with clumps 
(Two specimens were examined There had been no 
pre\ ious urinary trouble ) A roentgenogram of the 
abdomen with the patient m the upright position showed 
“no evidence of air m the peritoneal cavity and the in- 
testines were normal ” There was no evidence of 
emphysema of the tissues m the roentgenograms 
Under brief observation, he did not seem to improve 
\t 10 p m , twenty-five and one-half hours after mjurv, 
until the patient under ether anesthesia, laparotomy was 
performed, an upper right rectus incision being utilized 
V small amount of straw-colored fluid was present in 
the peritoneal cavitv The large bowel was distended 
"ith gas The entire large and small bowel, stomach 
and urinary bladder were examined before a small area 
of edema and jellowish discoloration of the parietal 
peritoneum just lateral to the flexion of the duodenum 
"as imestigated No gas was present in these tissues 
\ small amount of fibrin extended into the peritoneal 
ca\it\ The peritoneum was opened and explored with 
the forefinger, the lesion being easily found on the 
low cr lateral curv e of the posterior part of the duodenum 
This uas mobilized bv diwding the reflection of the 
peritoneum and rolling the duodenum forward, exposing 
an everted hole about 3 to 4 cm in diameter The edge 
of the intestine looked healthv The ampulla of Vater 
"as palpated about 3 cm awav There were sever'd 
small areas of fat necrosis and the entire retroperitoneal 
bed was a vellovvish, edematous, homogeneous mass 
There was no evidence of injure to the pancreas The 
rupture was closed with a Connell imerting suture o f 
7Cro chromic catgut, reenforced with one row of mattress 
sutures of fine black silk The resulting lumen was 
adequate and the duodenum was allowed to fall back m 
place \ small muscle-splitting incision was made down 
to the peritoneum in the right flank for drainage, and 
"mice there was a diffuse edematous infiltration of the 
entire retroperitoneal area one cigaret drain was in- 
'erfed dowai toward the pehis and one up to the lower 
kmc of the kidnev One mtrapcritoneal cigaret dram 
"as inserted through a lateral stab wound down to the 


duodenum along the under surface of the liver The 
appendix presented itself and was removed, the stump 
being tied and inverted Closure of the abdominal in- 
cision was accomplished with chromic catgut and silk 
skm sutures, 5 Gm of crystalline sulfanilamide being 
incorporated in the peritoneal cavity and incision The 
patient received 500 cc of dextrose solution and 250 cc 
of plasma on the operating table, and his condition re- 
mained good throughout A nasal stomach tube was 
inserted, and the patient was returned to the ward 
The operating time was one hour and twentv minutes 

His general condition progressively improved Cya- 
nosis, apparently from the sulfanilamide placed m the 
w'ound at operation, developed almost immediately and 
lasted for thirty-six hours Sodium sulfathiazole, 2 Gm 
twice a day, was given for prophylaxis until the fourth 
day, when administration of oral doses of 1 Gm of 
sulfathiazole every four hours was begun With the 
stomach tube m place, water was given as desired from 
the day of operation On January 27 (fifth day) the 
stomach tube was removed and hourly feedings of 1 
ounce (30 cc ) of broth alternating with albumin water 
ivere started, the amount being increased gradually On 
January 29 the patient was put on clear liquid diet, 
and by February 2, on a regular low residue diet 
On January 20 (seventh day) the skin sutures were 
removed and the drams loosened, and on January 31 
all drains were removed On February 1 a small abscess 
of the wound was opened, yielding cultures of Staphylo- 
coccus albus, Escherichia coli and beta hemolvtic strep- 
tococcus This healed rapidly Discharge became profuse 
from the extraperitoneal drainage incision on February 2 
(eleventh day) The drainage, though purulent and 
creamy, was sterile on both aerobic and anaerobic cul- 
tures Carmine given by mouth on February 3 did not 
come through the dram and there was no evidence of 
bile (ruling out duodenal fistula) , so it was assumed 
that the discharge consisted of liquefied products of the 
digestive ferments in the large retroperitoneal area 
On February 4 a sulfathaizole rash appeared, the drug 
ivas stopped and the temperature, which had been 100 
to 102 4 F (rectal) since operation, came dowm to 
normal 

Fluoroscopy on February 8 revealed no endence of 
the duodenal lesion, and there was free passage of barium 
down the intestine 

The patient was discharged from the surgical service 
on February 25, thirty- three days after admission 

On March 4, he was readmitted with fever, leuko- 
cvtosis and tenderness of the right flank 4. residual 
thick-walled retroperitoneal abscess was drained through 
the posterior part of the flank Recover j was un- 
ev entful 

COMMENT ON CA.SE 

This case illustrates points brought out in 
other cases reported during the last half cen- 
turv In the first place, retroperitoneal rupture 
ot the duodenum occurs with little evidence of 
external trauma, and the signs of generalized 
peritonitis do not exist, thus operation mav well 
be delajed unless the syndrome of exquisite 
tenderness in the costovertebral angle with 
spreading svmptoms leads one to think of the 
duodenum The patient is obviously ill, but is 
not m shock In the case reported the numerous 
white cells m the urine I believe were due to 
the irritation of the intestinal ferments surround- 
ing the kidnev and ureter, this has been true m 
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other cases At operation the fibrin and the 
yellow retroperitoneal edema over the lateral 
curie of the duodenum were indications foi 
further exploration Proper mobilization of the 
duodenum was essential to propei identification 
and closure of the rupture Regarding drains, 
the area obviously needing most drainage was 
the entire right reti operitoneal space, this was 
done extraperitoneally Drainage lasted several 
weeks, a sterile foul creamy pus beginning to 
exude about seven days after operation The 
fact that the patient returned after discharge for 
drainage of a residual abscess indicates my undue 
optimism that a single stab wound could dram 
the entire retroperitoneal space , his return could 
have been avoided by an additional retroperi- 
toneal dram near the tip of the twelfth rib 

In addition, the contaminated peritoneum over- 
lay an injured duodenum, and a subhepatic dram 
appeared to be indicated Pus drained foi only 
one day, the eighth day , then the wound closed 
promptly Just how much good the sulfa drugs 
did is hard to say, but at twenty-six hours, the 
contaminated area \\ as bacterially as well as 
chemically soiled The fact that the condition 
of the patient was at no tune ci ltical and that his 
improvement was progressive makes me feel 
optimistic regai dmg the therapeutic possibilities 
even when operation is unfoitunately delayed 

REVIEW OF THE LITERATURE 

Obviously, statistics are made up largely of 
reports of individual cases, and repoits of fatal 
cases are less likely to appear in print than are 
those of cases m which treatment was successful 
Therefore, I shall confine the presented facts to 
those that will help in lecogmzing and ti eating 
this condition 

Regarding the incidence of ruptured duode- 
num, Rowlands 3 in 1923 compiled 381 cases, 
published and unpublished, of rupture of the in- 
testine including 23 of the duodenum, 157 of 
the jejunum, 15S of the ileum and 43 of the 
colon 

Schumacher, 4 in 1910, and Miller, 5 * m 1916 
wrote excellent articles reviewing the subject of 
retroperitoneal rupture of the duodenum Schu- 
macher collected 91 cases of rupture of the duo- 
denum caused by blunt force, of which 24 were 
retroperitoneal, and Miller collected 22 additional 
cases of retroperitoneal rilptures Of these 46 

3 Rowlands, R P Subcutaneous Rupture of 
Intestine, Brit M J 1 716-717 (April 28) 1923 

4 Schumacher, E D Surgen of the Duodenum, 
Beitr z him Chir 71 482-527, 1910 

5 Miller, R T Retroperitoneal Rupture of 

Duodenum b\ Blunt Force, Ann Surg 64 550-578 

(Xoi ) 1916 


patients, 37 weie operated on and only 5 sur- 
vived, a moitality of 89 per cent In 14 of the 
37 patients operated on, the lesion was not found 
As Miller states, “The large proportion of cases 
in which the rupture w as missed at operation is 
particularly striking when one remembers that 
the cases were in the hands of thoioughly trained 
abdominal surgeons ” 

Furtwaengler 0 piesented an interesting paper 
in 1922 discussing late manifestations of retro 
peritoneal duodenal ruptures, reviewing several 
cases m which the diagnosis was not reached 
until duodenal fistulas dei eloped, as late as two 
months after the onginal injury T w'O of his 
cases were reviewed, one by Schumacher and 
the other by Miller He compiled 118 cases of 
lupture of the duodenuVn (anterior or posterior 
location not specified), m 14 of which, or 119 
per cent, the patient was cured 

These late manifestations may in truth be due 
to delayed perforations, the various stages of 
which have been reported Meiner, 7 in 1932, 
leported a case of retroperitoneal laceration of 
the duodenum m which no perforation occurred, 
the patient recovered Only the outer coats 
of the duodenum were torn In Betto’s s case, 
in 1938, a retroperitoneal hematoma was found 
at operation, about two and one-half hours after 
injury Apparently the duodenum w ( as not 
thoroughly inspected, however, there was no 
leakage of bile or gas at this time, which w r ould 
correspond to an incomplete rupture of the duo 
denum The area of hematoma was packed with 
iodoform gauze, and Betto reports that on re- 
moval of the gauze on the eighth day drainage 
of bile and gas began These manifestations of a 
duodenal fistula persisted for ten days before 
the perforation closed spontaneously Thus one 
may assume that perforation of an injured duo- 
denum may occur at least several days after 
trauma, and that bizaire cases, as reported by 
Furtwaenglei, may result wdien perforation 
finally occurs in a previously traumatized are 1 ' 

Leibowicz 0 m 1930, stated that he had rc 
viewed the literature of duodenal ruptuie up b 
that time and that 177 cases of traumatic rupun 
of all types had been reported However, n< 
adequate listing or bibliography is presented 

6 Furtwaengler, A Late Perforation of 
Duodenum After Contusion, Deutsche Ztschr f Can 
175 261-291, 1922 

7 Meinei, E Retroperitoneal Injuries of i 
Duodenum, Sclnveiz med Wchnschr 62 761 (Aug lJ 
1932 

8 Betto, 0 Traumatic Contusion and Rupture c 
the Duodenum, with Report of a Case, Riv di can 
4 116-127 (March) 1938 

9 Leibowicz, M Subcutaneous Injuries of Due 
denum, Zentralbl f Chir 58 2205-2206 (Aug 29) 1931 



Table 1 — Cases of Retro pet Uoneal Riiptute of the Duodenum m Wot Id Lxteiatuie Up to May 1943 
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Reported by 

Strauli, A Deutsche Zstchr f 
Chir «<> 167 226 1910 

Korto 1904, cited by Melchior E 
Neue deutsche Chir 25 - 468-484 1917 
Soderlund, G Nord med Ark 
51 191 295 1918 


Harris, W H Canad Pract 47 
294 301, 1922 
Ham c , W H 


rurtwaengler 0 


Millet 1897, cited by Furtn aengler 0 
Esau 1911, cited by Furtwaengler 0 


Sandahl, 0 Acta chir Scandmav 
5') 55 67, 1925 

Naumann 1902, cited by Sandahl 

von Staplemohr 1916 cited by 
Sandahl 

Harrington, S W S Clin North 
America G 1185-118S, 1926 
Harrington 

Rudofsky, F Beitr z him Chir 
40 314 319, 1927 

Krogius, A Finsha lah sallsh 
nandl 09 809 815, 1927 


J*"ha, D Gyogyaszat G7 1004 
1006, 1927 

Moodside, C J A Brit M J 2 
322o, 3927 


Rant or, A Med Klin 25 2G4 

26a 3929 

Dayjs 17 

PcdlMc I Zentralbl f Chir 57 
8- S3, 3930 

I eibowicz, M Zentralbl f Chir 

r “ 127S-12S3 1930 
Schmorell, H Zentralbl f Chir 

“ 1919 1922 1930 

^'cbi, e Zentralbl f Chir 58 
1S-19, 1931 

Amberger, J Zentralbl f Chir 

r, => 1415 1931 
Hutlcr and Carlson 

Sudhoff 


llrlzio, g 
prat ) t<i 


\ Policlinico 
26126) 1%2 


(sez 


Sjrcghv f Zentralbl I Chir 
' > 116a 1367, 3932 

A Policlinico {'CZ 
Pfat ) 3't 13-’6-1329 1932 


^telnbcrg, G \rch f him Chir 
l'>., 2 

Kohler v® 


Date 

Age 

and 

Sex 

Treatment 

Time After 
Injury 
Treated 

Results 

Comment 

1916 

23 

M 

Expl lap , pack 
ing of liver 

1 hour 

Died after 

9 hours 

Ruptured liver also present rup 
tured duodenum not recognized 
hematoma present 

1917 

22 

M 

Liver packed 

22 hours 

Died after 

5 weeks 

Duodenal rupture not found, duo 
denal fistula developed late 

1918 

42 

M 

1 Expl lap 

2 Suture 2d day 

3 Drainage psoas 
abscess 5th day 

sy 2 hours 

Died after 

8 davs 

Hematoma first operation, bile 
staining 2d operation not recog 
nized at 1st operation 

1922 Toung 
M 

Drainage only 

4 days 

Died same 
day 

Retroperitoneal gas present 


1922 Toung 

1 Suture 

About 20 


M 

2 Jejunostomy 

hours 



at 12 days 


1922 

24 

Closure of duode 

2 months 


F 

nal fistula, gastro 
enterostomy 


1922 

22 

Drainage only 

8 days 


M 



1922 

13 

Drainage of retro 

4 weeks 


F 

peritoneal ab 
seess, nephrectomy 


1925 

34 

Suture 

2% hours 


M 


1925 

39 

Drainage only 

3 days 


M 


1925 

32 

Drainage onlv 

Next day 


M 


1926 

19 

Suture 

Immedi 


M 


ately 

1926 

11 

Suture, splenec 

1 hour 


M 

tomy 


1927 

17 

1 Suture 

7 V 2 hours 


M 

2 Jejunostomy 

7 days 


1927 

21 

Resection 15 cm 

2 hours 


M 

duodenum, duode 

nojejunostomy, 

cntcroenterostomy 


1927 

19 

Appendectomy 

Next day 


M 

suture 


1927 

30 

1 Suture, liver 

5 hours 


M 

packed 

2 Abscess drained 




41st day 


1929 

38 

Suture, pos 

Imme 


M 

terlor gastro 
enterostomy 

diate 

1930 Toung 

Suture, omental 

2 hours 


M 

graft 


1930 

14 

1 Suture 

6 hours 


If 

2 Pseudocyst 




drained 11th dav 


1930 

26 

Suture, anterior 

16 hours .. 


M 

gastroenterostomy 


1930 Toung 

Suture, anterior 

6 hours 


M 

gastroenterostomy 


1931 

22 

Suture liver 

Imme 


M 

sutured 

diately 

1931 

11 

Suture 

Soon 


M 



1931 

24 

Suture jejunos 

9 hours 


M 

tomy 


1931 

17 

Suture 

24 hours 


M 



1932 

Toung 

Duodenal end 

S% hours 


M 

closed duodeno 



jejunostomy 
no drains 


1932 

21 

Drainage 

20 hours 


W 



1932 

16 

Suture 

4 hour* 


M 



19*2 

24 

Suture go'tro 

2 hours 


M 

cntero'tomv 

19*2 

in 

1 Fnd to-end 

31 hours 


M 

anastomosis of 
duodenum 




2 Anterior gastro 




enterostomy 



"10,h dav 


Died after Retroperitoneal gas present 
19 dais duodenal fistula at 10 days 


Died after Pyopneumoretropentoneum, spon 
13 days taneous rupture in 5 weeks 


Died after Ascans infection 

2 days 

Died after Kidney had been ruptured duode 

C days nal fistula developed 


\\ ell after Retroperitoneal hematoma present 
26 days 

Died same Duodenal rupture not found 
dai 

Died shortly Duodenal rupture not found fat 

after opera necrosis present 

tion 


Died after Duodenal fistula 6th day 
15 days 

Died after Also had ruptures of intrapento 
12 hours neal duodenum liver and spleen 
Well after Emphysema present, duodenal 
34 days fistula developed after 7 days 


Well after Hemoperitoneum from retroperito 

41 days neal hematoma evisceration 10th 

day 


Died after Retrocecal phlegmon involving 

4 davs appendix 

Well after Subplirenie abscess developed 

79 days 


Well 


Well 

Well after 
39 dajs 

Died after 
3 days 
Well after 
10 days 
Well after 
3 weeks 
Well after 
7 weeks 


Bile B taming present, duodenal 
fistula developed incisional hernia 
repaired 2 years later 

4rea of discoloration medial to 
kidney 

Bile staining and emphysema 
present pancreatic p=eudocy=t 
developed 

Bile staining pre-ent 

Bile staining present 

Retroperitoneal hematoma 
lacerated liver 

Anterior duodenal rupture al o 


Died next 
day 

Well after 
2 months 

Died on 
3d day 


Died 

shortly 

Well 


D °f Qlpr 
8 day 

P2“cmcr n'a 
Hf.’i 2/fc- 

4' da , j 


Fat ner-o=j3 present pain m tr z 
testicle* unusual sign 
Bile staining fat n ecrox* 
oliateral parotitis c 

wound postoperative,* - 
Retroperitoneal h»mz ~ = \ Zt,C- 
fiCai laceration o' t-""- ~ 
duodenal tear coz - ** 

abdominal muscK* 

Rupture not 'ozz l - ~ 

Bf> stalnmg 2TZ. 

Submeeo co'e ^ 2,. 

muaieation *" - ' 

of exudate 

ESe ctEimZ' ■" ' 


Comp ■* e ^ — - 

tion r*-— * 


Table 1 — Cases of Retropcntoneal Rupture of flic Duodenum m W oild Lite) atw c Up to May 1943 
Exclusive of Those Repo? led by Schumachet and Miller — Continued 




Age 




and 


Reported by 

Date 

Sex 

Treatment 

Lnffitte H Arch franco beiges 

1932 

23 

Suture 

de chir 34 117 125 1934 


M 


Oberascher H Zentralbl f Chir 

1933 

66 

Suture 

CO 37S-379, 1933 


M 


Mauro M Ann ital di chir 12 

1933 

48 

Suture 

1402 1420, 1033 


M 


Blaster, M Bnt 11 J 1 283 

1934 Young 

Sutured 

284 1034 


M 

end to end 

Krsek H Bratisl lekar hsty 

1934 

18 

Exploratory 

14 390-394, 1934 


F 

laparotomy 

Krsek H 

1934 

30 

No operation 



M 


Poindexter n 

1935 

51 

Drained 



M 


Sperling and Rigler 10 

1937 

19 

No operation, con 



M 

tinuous duodenal 
suction 

Betto s 

193S 

15 

Packed with 



M 

iodoform gauze 

Wyatt O S Minnesota Med 

21 792 193S 

1938 

3 

M 

Suture 

Lure A S Vestmk khir 55 

1938 

30 

Suture, also 

771 772, 193S Lurje, A Arch 

Surg 37 SOS-810, 193S 


M 

resection of 
ascending colon 

Decoulx, p Rev de chir , Paris 
~7 274 2S4, 1939 

193° 

49 

M 

Drainage 

Zaaijer, J H Nederl tudschr y 

1939 

22 

Suture 

geneest S3 4101 4106, 1939 

M 

Holubec K Zentralbl f Chir 
CG 2o8G-2590 1939 

1939 

21 

M 

Suture packed 
liver 

Hinton 1 = 

1940 

13 

1 Exploratory 



M 

laparotomy, 
duodenal suction 




2 Post gastro 

Ottcnbeimer E J , and Gilman, 

R L New England J Med 222 

2ol 253, 1940 



enterostomy 
at 12 days 

1940 

21 

M 

Exploratory 

laparotomy 

4Ah!”5s 1 9 24 G 1 194 N 1° VJ 

1941 

19 

M 

Drainage > 

HO" U 1109 H 19 Z 4 e i ntra,bi f ° h,r 68 

1941 

18 

End to end anasto 


M 

mosis of duode 
num, Billroth II 
gastric resection 



Braun 1S 

1941 

50 

enteroenterostomy 
1 Suture 



M 

2 Closure of colon 




fistula at Sweeks 


OCillnghan D Bnt J Surg 
30 107 112 1042 

1942 20 

Suture liver 


F 

packed 

Personal ca«e 

11 

Suture 


M 



Time After 
Injury 
Treated 

Results 

Comment , 

o hours 

Well 

Bile staining present 

1 hour 

Well after 
21 days 

Local anesthesia, also had small j 
prepyloric perforation ‘ 

S hours 

Died after 
36 hours 

Retroperitoneal bloody edema and 
fat necrosis 

2 hours 

Well 

Retroperitoneal bile and hema 
toma duodenum % ruptured, 
pancreatic fistula for short time 

7 hours 

Died on 
table 

Anterior and posterior rupture 

1 hour 

Died after 

1 hour 

Head of pancreas mashed 

IS days 

Died same 
day 

Large rent in duodenum, retropen 
toneal cellulitis 

20 hours 

Well after 
13 days 

Roentgenogram showed much 
emphysema 

2% hours 

Well after 

18 days 

Retroperitoneal hematoma, no 
perforation discovered at opera 
tion duodenal fistula at 8 days 
when drain removed 

4% hours 

Well after 

25 days 

Retroperitoneal hematoma, al '0 
peritoneal leak of exudate 

6 hours 

Died after 

21 days 

Retroperitoneal hematoma 
emphysema laceration of colon, 
fistula of colon 

14 hours 

Died after 

2 hours 

Total rupture of 3d portion con 
dition on table very bad retro 
peritoneal emphysema edema 

6 hours 

Well after 

18 days 

Edema under and above mesocolon 

4 hours 

Well after 

29 days 

Bile staining present, also lacer 
ated liver 

6 days 

Well 

Lesion not found at first opera 
tion 


3 hours 

Died after 
38 hours 

Roentgenogram showed emphy 
sema ruptured duodenum not 
found at operation 

8 hours 

Died after 
30 hours 

Retroperitoneal emphysema, henn 
toma and bile staining patient s 
condition bad before operation 
was completed 

2 hours 

Well after 

4 weeks 

Nearly complete duodenal tear 
emphysema bile staining present 

3 hours 

Well after 

3 months 

Emphysema, blood and bile stam 
ing present previous Billroth II 
posterior gastric resection, 3 year= 
before liver lacerated pneumonia 
wound disruption and fistula of 
transverse colon complications 

8 hours 

Well after 

82 day s 

Also Colles fracture lacerated 
liver drainage from wound 
prolonged 

25% hours 

Well after 

54 davs 

Bile staining fat necrosis present 


Kohler, 1 in 1932, reported a case which he 
states is the eleventh instance of cure of retro- 
peritoneal rupture of the duodenum 

Poindexter, 11 in 1935, reviewed the literature 
for the period from 1925 to 1933, presenting 2 
cases He makes a sensible list of points to be 


10 Kohler, H Surgical Repair oi Retropentc 
7 c/) CC ] 93 ° nS CaSe ’ Deutsche Ztschr f Chir 237 


Hinton, 12 in 1940, presented a summary of his 
review of the literature between 1910 and 1940 
and gave the following statistics concerning trau- 
matic rupture of the duodenum 25 cases of 
anterior rupture, with 13 recoveries, 11 anterior 
and posterior ruptures, xvith 6 recoveries, 47 
posterior ruptures, with IS recoveries, 1 with 
location not stated, m which the patient recov- 
ered This article is brief and the bibliography 
extremely incomplete 


1 1 Poindexter, C 
Duodenum Texas 
I'D; 


Traumatic Rupture of the 
State J Med 30 561-566 (Jan ) 


12 Hinton, D Rupture of the Duodenum by Blunt 
Trjjuma, J Internat Coll Surg 3 485-490 (Dec) 
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There are unusual cases associated with retro- 
eritoneal injuries I have not included Sud- 
off's 13 second case in my table, as drainage of 
retroperitoneal abscess occurred one year after 
ie primary injury , no duodenal drainage re- 
nted Poindexter’s 11 first case is somewhat 
injilar A retroperitoneal abscess drained seven 
avs after injury, and no duodenal drainage re- 
nted Although there may possibly have been 
small duodenal leak in this case, I prefer not 
d include this and Sudhoff ’s case in the table 
In Kohler’s 10 second case there was bile stam- 
ng of the retroperitoneal tissues and profuse 
Irainage of bile from the retroperitoneal space 
ar several weeks , but there was no visible rup- 
ure of the duodenum when this was mobilized, 
nd apparently no duodenal fistula, but a biliary 
istula, developed This would seem to corre- 
pond much more to a rupture of the biliary tract 
•s in a case 14 at the Union Memorial Hospital 
a which the common duct was ruptured by 
bdominal contusion 

Table 1 is meant to include all bona fide retro- 
'eritoneal ruptures of the duodenum which have 
een reported m the world literature up to May 
943 which were not reported by Schumacher 4 
r Miller 5 -In the column labeled “treatment,” 
men more than one operation was performed 
bis is indicated by numbering each procedure, 
therwise the entire list of procedures was per- 
ked at one time 

As can be seen by surveying the bibliography 
nd table 1, there are few repoits of cases of 
raumatic retroperitoneal rupture of the duode- 
ium from this country Cases reported indicate 
hat with recognition of the condition and with 
'roper treatment results can be good Therefore 
shall present in detail the points of diagnosis 
hat can be utilized as derived from a study of 
he many complete reports of cases by many 
authors 


There is a history of a severe blow to 
ibdomen, not necessarily over the duoden 
hat may not appear to be serious at first 
net, the patient may be able to walk away f 
he scene of accident Then, as extravasa 
Progresses, there is an increasing spread of ; 

II the right side of the back, right lom 
abdomen Vomiting usually occurs when 
empts are made to take anything by mouth 
nausea is not a prominent sign Mild si 
md signs suggestive of peritonitis are mcr 
u gh manifest, and operation is imperative ] 

III fiP c testicles as a diagnostic sign of retroj 


13 Sudhoff, W Wounds and Injuries of the Duo- 
iiuium •\rch f Urn Chtr 164 S29-S39, 1931 

luinev, J \[ T, Jr Personal communication 
10 th< - author, February 1943 


toneal duodenal rupture has been reported, 15 but 
is rarely present Increase in leukocytes up to 
14,000 or more is common but not ahvays present 
The urine may contain red cells early from con- 
comitant contusion of the kidney, and not infre- 
quent is the finding of pus with clumping as the 
intestinal juices extravasate around the kidney 
and ureter The roentgenogram may reveal 
emphysema about the right kidney, emphysema 
has been reported also as a finding on rectal 
examination m severe extravasation of gas 
At operation, there is frequently a small 
amount of “beef broth”-hke fluid within the peri- 
toneal cavity Other intra-abdominal injuries 
having been ruled out or identified, the area 
lateral to the duodenum should be inspected 
Occasionally fibrin may be found Edema of the 
tissues is the most constant finding and increases 
as the tune after injury increases Staining of 
the tissues by bile when present is a most impor- 
tant diagnostic sign and ranges from a small 
green spot overlying a subperitoneal rupture to 
diffuse yellow staining together with hematoma 
or edema Retroperitoneal hematoma is com- 
monly seen Emphysema is fairly common in 
this area, extending around the anterior fascial 
planes in severe cases Fat necrosis is not often 
found, interestingly enough Hemoperitoneum 
may of course be present when there is an associ- 
ated lacerated liver, spleen or pancreas or when 
there is leaking from the retroperitoneal hema- 
toma into the peritoneal cavity 

Of concomitant injuries, laceration of the liver 
is the most common When this injury occurs 
one should not neglect considering the possibility 
of a retroperitoneal rupture of the duodenum 
Rupture of the spleen, multiple ruptures of the 
bowel, contusion of the pancreas and occasional 
fracture have been reported with rupture of the 
duodenum , but it is interesting that this entity 
exists so often as the only serious injury present 

Table 2 presents some of the most important 
additional pathologic conditions m our series, to 
give a general idea of their relative occurrence 
It is to be remembered that many reports are not 
complete, and that therefore this table does not 
represent the entire numoer of times these signs 
occurred 

The prime diagnostic difficulty is similar to 
that of any intestinal rupture due to blunt trauma 
to the abdomen, and that is to decide which 
patient may be safel) watched, and winch must 
be operated on immediately, Bern, 16 has made 
this apt statement ‘ The great majority, of such 

15 Butler, E, and Carlson, E Pam in Testicles 
Svmptom of Retroperitoneal Traumatic Rupture of 
Duodenum, Am J Surg 11 118 (Jan) 1931^ — ~- 

16 Berrj, J Diagnosis and Treatment 
oi the Intestines, Brit M J 2 643 (O 



378 


ARCHIVES or SURGERY 


cases (abdominal contusion) recover without 
operation But a blow upon the abdomen, fol- 
lowed by severe and continuous localized pam 
and marked local tenderness, indicates almost 
alw ays rupture of the intestine These s) mptoms 
alone are usually sufficient to demand explor- 
ation, especially if muscular rigidity be present 
as w ell ” In a retroperitoneal rupture signs 
demanding operation are less likely to present 
themselves earlv owing to its occult position 
The peritoneal cavity is typically not invaded by 
the extravasation As a rule, operation is pei- 
formed sooner when such invasion has occuned 



Mobilization of duodenum by the division of the peri- 
toneum and rolling the duodenum forward exposing hole 


TREATMENT 

It is obvious that on reasonable suspicion of 
retroperitoneal rupture of the duodenum, oper- 
ation should be performed immediately In most 
of the cases m which cure is obtained the 
patients are operated on within the first ten 
hours after rupture although, as my own case 
illustrates, more than twenty-four hours may 
elapse with a successful conclusion 

A list of cases in which various procedures 
have been successful mav be of aid, although m 
am case the surgeon must make an intelligent 
effort to ov ercome the existing lesion by reestab- 
lishing normal function 

At operation proper exposure is the most 
important single factor, both m determining the 
extent of the lesion and in its repair For lesions 
down as far as the inferior flexure of the duode- 


num Kocher’s maneuver of mobilizing the duode- 
num by lateral incision of the peritoneum, as 
shown m the accompanying illustration, is best 
as it can be rapidly done, allows excellent 
exposure of the retroperitoneal duodenum and is 
relatively safe For lesions of the inferior flexure 
of the duodenum, lying in the submesocohc area, 
approach by retracting the colon cephahcally and 
dividing the mesocolon w ill give excellent 
exposuie and in fact is recommended by some 
authors as the procedure of choice Here, how- 
ever, the middle colic and superior mesenteric 
vessels lie close and the technical hazard is thus 
increased 

When the lesion has been identified, as a rule 
the less done the better the chance of the patient 
to recover Simple suture obviously fulfils this 
criterion In the case here reported, as m most 
of those described, the mucosal edges were clean, 
signifying a blowout effect, not a crushing lesion 
of the bowel , such a lesion is amenable to suture 
as the surgeon desires, remembering that there 


Table 2 — Simultaneously Occwrxng Pathologic Con- 
ditions m Senes of Cases Under Consideration 



No of 


Oa'cs 

Retroperitoneal bile staining 

16 

Retroperitoneal hematoma 

13 

Retroperitoneal emphysema 

13 

Rupturo ot liver 

9 

Fat necrosis 

5 

Intraperitoneal rupturo of bowel 

4 

Contusion of pancreas 

1 


Table 3 — Successful Piocedurcs Reported 



Schu 


Present 

macher * 

Miller s 

Report 


1910 

1910-1016 1916-19** 

Simple suture , 

1 

1 

16 

Suture and omental graft 



1 

Suture and gastroenterostomy 


1 

2 

End to end anastomosis 



2 

End to end anastomosis, Bilroth II 




gastric resection, enteroenteros 




tomy 



1 

Resection of injured duodenum with 




duo denof ej unostomy 


1 


Resection of duodenum with duode 




nojejunostomy and enteroenteros 




tomy 



1 

Resection of duodenum with duode- 




nojejunostomy and gastroenteros- 




tomy 

1 



Continuous duodenal suction with 




late gastroenterostomy 



1 

Continuous duodenal suction 



1 

Packing of injured area 



1 

Total survivals 

o 

3 

26 

Total cases reviewed 

23 

22 

52 


is no peritoneal surface and its sealing effect is 
not present I think the omental graft as 
employed m a case by Davis 17 is an improvement, 

17 Davis, C B Injury to Abdomen wtxh Explosion 
of Viscus, S Clin North America 10 265-266 (April) 
1930 
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to be used if there is any doubt as to the efficacy 
of closure Duodenal fistula is a common sequel 
There have been several instances of nearly 
complete or complete severance of the duodenum, 
which can occur subperitoneally, and end to end 
anastomosis has been successful In one such 
case, 10 obstruction of the anastomosis occurred 
and a secondary gastroenterostomy was neces- 
sary Regarding a complementary gastroenter- 
ostomy, which has been advised by some sur- 
geons as proper in all cases, I believe that this is 
to be reserved for those cases in which the repair 
. has impinged to an obstructive degree on the 
lumen of the bowel Reliance should be placed 
on an indwelling stomach or duodenal tube to put 
the repaired bowel at rest m the usual case 
Anterior and posterior gastroenterostomies have 
alike been utilized as complementary therapy 

- Braun 18 suggested performing a gastric resec- 

- tion in lieu of gastroenterostomy as the incidence 
; of jejunal ulcers w ill thereby be reduced It is to 

be remembered here again that this is an added 
procedure , therefore it would not seem to be the 
procedure of choice 

i When there has been a crushing injury it has 
been necessary on occasion to resect a portion of 
I the duodenum This usually obviates any duo- 
s denoduodenal anastomosis, for both ends are 
fixed Closure of the distal end and anasto- 
j mosis with a loop of jejunum have been found 
j successful in such cases One of the most com- 
plicated cases m which cure was obtained was 
that of Enderlen, cited by Schumacher, 4 m which 
't was necessary to resect the duodenum from 
x just below the ampulla of Vater to the duodeno- 
v jejunal flexure The ends were closed, and a 
! gastroenterostomy was performed Then, with 
' the patient in satisfactory condition, a duodeno- 
i jej unostomy was performed to give an outlet for 
| bile and pancreatic juices 

theoretic considerations concerning possible 
l rupture of the duodenum at the point of the 
ampulla of Yater have been presented by several 
authors, in which various procedures of exclusion 
i with reanastomosis of the gallbladder, pancreatic 
and biliary ducts to the jejunum or stomach are 
advanced Statistics do not show any ruptures at 
i this point, however, which may be due to the 
i ph\ sical strength that does not give w ay to mter- 
' nal or external forces 

Drainage is a most important part of the treat- 
nien t, its importance increasing as the time be- 
(] Iween injury and operation increases Because 
01 the nature of the lesion it is mainly m the 
retroperitoneal space that the cellulitis is located 
1 and it nia\ extend to the opposite side and dow n 

IS Braun, H Rupture of the Duodenum b\ Blunt 
1 rauim, Zentralbl f Chir 68 1102-1109 (June 14) 1941 


into the peh is When the duodenum is mobilized 
a direct peritoneal opening to this area is pro- 
vided While the peritoneal cavity cannot be 
adequatel} drained, the area overlying the injury 
can and should be The extraperitoneal space 
can be adequately and extensively drained by 
stab wounds m the posterior part of the flank 
and lower lateral area of the abdomen, the wounds 
necessary being of course m direct relation to 
the extent ot infiltration present Previous 
authors have not stressed extraperitoneal drain- 
age, but the lateness of operating m the case pre- 
sented, the extent of the infiltration and the sub- 
sequent late development of a retroperitoneal 
abscess all have made me more interested m this 
point One countermcision cannot dram the 
retroperitoneal space on one side adequately ' 

Local application and systemic use of the sulfa 
drugs should be added to the treatment that I 
have described unless contraindications exist 

Sperling and Rigler 19 presented a case in 1937 
in which the diagnosis was arrived at by indirect 
evidence Roentgenograms showed emphysema of 
the retroperitoneal tissues and later, after inges- 
tion of barium, a deformity of the second por- 
tion of the duodenum The physical findings 
were concordant with a retroperitoneal duodenal 
rupture The patient recovered after treatment 
wnth simple duodenal suction for ten days, but I 
believe the gods were smiling here Extravasa- 
tion has been prevented at least in 1 reported 
case (cited by Schumacher 4 ) by actual blockage 
of the perforated area by blood clot However, 
this fortunate circumstance is most unusual and 
in most instances there is a wide open lesion 
Thus duodenal suction cannot be accepted as 
anything more than accessory treatment to proper 
surgical measures The roentgenographic evi- 
dence of emphysema from a ruptured duodenum 
is of course a valuable aid in diagnosis, and its 
presence should mean immediate laparotomy 

It is to be noted that Hinton’s 12 patient w r as 
treated by continuous duodenal suction for six 
da} s before the first operation, at which tune the 
rupture was not found, and that a gastroenter- 
ostomy without closing the duodenal tear was 
performed six days later w ith successful result 

COMPLICATIONS 

Too frequentlv the cause of death is not given 
in reports of cases , but, aside from general in- 
juries, there appear to be two primary reasons 
for unsuccessful treatment — peritonitis and retro- 
peritoneal cellulitis Table 4 lists other compli- 

19 Sperling, L, and Rigler, L G Traumatic 
Retroperitoneal Rupture of Duodenum Description of 
Valuable Roentgen Observation in Its Recognition, 
Radiology 29 521-524 (Nov ) 1937 
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cations arising within the abdomen m the series 
of cases considered in this paper 

Pulmonary complications are not unusually 
frequent Breakdown of wounds is more com- 
mon than in routine abdominal operations and is 
a point against placing drams through the 
incision 


T \ble 4 — Serious Intra-abdominal Complications (Er- 
cludtng Cellulitis and Peritonitis) 



No of 


Condition 

Cases 

Comment 

Duodenal fistula 

S 

Three recoveries 

Pancreatic fistula 

1 

Recovery 

Subphremc abscess 

1 

Recovery 

Duodenal obstruction 

1 

Recovery, following 
end to end anastomosis 

Pancreatic pseudocyst 

1 

Recovery 

Fistula of colon 

2 

Right portion of colon 
resected in 1 case 


SUMMARY AND CONCLUSIONS 

Retroperitoneal rupture of the duodenum by 
blunt trauma to the abodmen is an unusual con- 
dition which is difficult to treat successfully 
Diagnosis even during operation is often missed 
The literature between 1916 and 1943 reveals 52 
cases, in 26 of which cure was obtained In 7 
of these 52 cases the lesion was not found at 
operation 


One additional case of retroperitoneal rupture 
of the duodenum presented is the thirty-second 
case of successful treatment reported m the entire 
literature on the subject 

It is necessary to individualize the treatment 
m each case, but the basic factors, besides general 
preoperative and postoperative care, to be con- 
sidered in curing a patient with retroperitoneal 
rupture of the duodenum are 

1 Correct diagnosis at operation Whenever 
edema, staining by bile, hematoma or emphysema 
occurs over the retroperitoneal area of the duo- 
denum, the surgeon must explore 

2 Closure of the rupture 

3 Short circuiting operation, only if the 
closure of the rupture produces obstruction 

4 Proper drainage of the peritoneal cavity 
and the retroperitoneal space 

5 Stomach or duodenal tube to put the trau- 
matized area at rest 

6 Intelligent use of the sulfa drugs 

Many complications may arise following treat- 
ment of retroperitoneal rupture of the duodenum, 
the most serious of which are peritonitis, retro- 
peritoneal cellulitis and duodenal fistula 


ORAL ADMINISTRATION OF DIETHYLSTILBESTROL FOR PROSTATISM 

A clinical evaluation 

WILLIAM KLEIN, MD vnd BERNARD NEWMAN, ChE, MS 

NEW YORE 


A. trequent and persistent complaint of the 
aged man is inability to rest at night due to 
frequent urination In oui institution, we hare 
an opportunity to observe ovei 200 men whose 
ages range from 67 to 9S years Many of these 
men are unwilling to undergo prostatectomy o> 
aie pool risks foi such a proceduie Hence 
we bare attempted to alleviate then condition 
bv the 01 al admimstiation of diethylstilbestrol 
Noble 1 soon aftei the effects of diethylstil- 
bestrol had been noted reported that male rats 
atter treatment with diethylstilbestiol exhibit 
atrophy of the testicle and deciease m the size 
of the seminal vesicles and the pi ostate Mellish, 
Baei and Macias, 2 using an expel imental group 
of 39 lats which had received implantations of 
10 mg of diethylstilbestiol twenty -eight da\s 
previous to autopsy, found the mean weight of 
the pi ostate to be 20 mg In an untieated 
group of 23 conti ols thev obseived the aveiage 
pi ostate to weigh 102 mg 
Huggins and Claik 3 noted that aftei pei iodic 
injections of large doses of diethylstilbestrol into 
7 senile dogs tbe pi ostate glands deci eased m 
size 

One of the eaihest lepoits on the tieatmeut 
of benign piostatic hvpeiplasia in human beings 
is that ot Kahle and Maltiy 4 These obseiveis 
stated that treatment ruth testosteione not onlv 
has no effect on the hypei plastic prostate but at 
times seems actuallr to stimulate the gland to 
fuithci hypeiplasia Hence the authois lesorted 

1 rom the Surgical Division of the Hospital and 
Home of the Daughters of Tacob 

1 Noble, R L Effect of Svnthetic Estiogenic Sub- 
stances on Bodr Growth and Endocrine Organs of Rat, 
Lancet 2 192, 193S 

- Mellish, C H , Baer, A T and Macias, \ C 
rpcriments on the Biological Properties of Stdbcstrol 
19 JQ Dipropionate Etidocrinologv 26 271, 

' Huggins C, and Clark, P J Quantitative 
Studies ot Prostatic Secretions Effect of Castration 
*"d of Estrogen Injection on Normal and on Hvper- 
Phstic p r0sVlle Glands of Dogs, T Exper Med 72 

'■h 19-10 

Rahlc P T and Maltrv E Treatment ot 
1'Perplasia of the Prostate with Diethrlstilbestrol and 
We\Yo\vu\\)estrol Dipropionate New Orleans M LSI 
93 121 19-10 


to the use of diethylstilbestiol They used as 
then experimental gioup 14 men between the 
ages of 51 and 80 years, who were treated with 
diethylstilbestiol parenterally Then nocturnal 
frequency of ruination and otliei concomitant 
symptoms were ameliorated, and in eveiy patient 
a decrease in the size of the prostate was noted 
cm tlcuA examination The authors leathed the 
conclusions that the admimstiation of estrogenic 
substances pioduces definite changes in the 
glandulat elements of the hyperplastic pi ostate, 
that moderately enlaiged glands legless to nor- 
mal size and even atrophy ruth complete relief 
of symiptoms, while very laige glands deciease 
in size and m an appieciable number of cases 
even leturn to normalcy and that hypei plasia of 
the pi ostate can piobably he conti oiled by ade- 
quate tlieiapeutic and maintenance doses of 
diethylstilbesti ol 

A renew of the liteiatuie on the interaction 
between the pi ostate the pituitarr and the 
gonads and the ti eatment of pi ostatic hyperplasia 
with diethylstilbestrol dipiopionate was reported 
by Colon 5 He treated 9 patients with hypei - 
trophy of the prostate by' mtiamusculai adnnn- 
lstiation of diethylstilbestiol dipropionate All 
of his patients unquestionablr benefited The 
numbei of nocturnal ruinations decreased, and 
the longer periods of rest had a marked beneficial 
effect on then well-being Rectal examination 
of all his patients showed a definite deciease 
in the size of the pi ostate, and cathetenzation 
levealed a decrease in the amount of residual 
urine While Colon also employed prostatic 
massages as a form ot therapr it is well known 
that this treatment alone could not account for 
the lesulls he obtained 

A study r was made bv us of the effects of the 
oial administration ol diethv lstilhestrol on pros- 
tatism in old men 

E\ PI-RIM EX 1 rL PKOCLDLRE 

Iwentv-five men, ranging in age from 68 to 9-4 vears, 
were examined Their duel complaint at tbe time was 
irequenev ol nocturnal urination and other concomitant 


5 Colon I E Tratannento medico de la luper- 
pla^ia proMatica Bol \*oc med de Puerto Rico 34 
41 1942 
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disturbances, such as a sense of pressurt and pseudo- 
priapism 

A historv of each patient’s unnarj complaints was 
taken A rectal examination of the prostate was made, 
and the size, consistency, anatomic landmarks and other 
pertinent data were noted and recorded The subjects 
were then catheterized after having \oided m order to 
determine the amount of residual urine 

Specimens of blood were obtained after a fast of at 
least eight hours, and the following constituents were 
determined urea nitrogen, acid phosphatase sugar and 


Subjects were observed biweeklj, and oftener when 
some unforeseen occurrence was reported to the stag 
Ail prostatic examinations were performed b\ one 01 
us (W K ) 

The table shows, in condensed form, the salient 
features of our observations 

COMMENT 

As mentioned pre\ lously, the beneficial effects 
of diethj Istilbestrol on benign 'hypertroph) ot 

Summai v of Effects of Oral Administration oj 


Chief 

Cn c e Age Complaint 


Rectal 

Examination 


Maximum Dosage 

Residua! , 1 , 

Urine, life, per Period ot Effect of 

Cc Daj Medication Medication 


1 

B I 

67 

Nocturnal urination, 
four times, sensation 
ot pressure, occa 
sional dribbling 

Aery large prostate, soft, 
anatomic markings 
normal 

Not 

determined 

0 75 

9 weeks 

o 

V S 

86 

Nocturnal urination six 
to eight times, burn 
mg and pain on 
micturition 

12/17/42 Large senile 
prost itc soft 

120 

i 

12 weeks 

3 

I s 

77 

Nocturnal urination 
five times 

12/17 '42 Small prostate, 
hard 

Not 

determined 

5 

4 months 

4 

N k 

S2 

Nocturnal urination 
four times 

12M/42 Extremely large 
prostate firm at the 
peripherj 

Not 

determined 

25 

12 weeks 

5 

S A 

so 

Nocturnal urination 
fiv e times almost 
constant dribbling 

12/17/42 Moderatdy 
enlarged prostate firm 

ISO 

2 5 

8 weeks 

C 

S M 

7o 

Nocturnal urination 
four times 

12/17/42 Enormously 
enlarged prostate soft 

Not 

determined 

3 

12 weeks 

7 

B L 

G4 

Nocturnal urination 
eight to ten times 
continual dribbling 

3/2/43 Moderately 
enlarged prostate verj 
hard 

Could not 
be obtaim d 
patient had 
bvpospadias 

3 

9 weeks 

8 

S G 

So 

Nocturnal urination 
four to five times 

1/7/43 Moderatelv 
enlarged prostate bard 

15 

2 

13 weeks 

0 

B P 

71 

Nocturnal urination 
four to five times 

12/28/42 Veri large and 
soft prostate anatomic 
markings well defined 

50 

i 

la weeks 

10 

N H 

77 

Nocturnal urination 
seven or eight tunes 

12/17/42 Large and soft 
prostate 

so 

3 

5 months 

11 

A R 

73 

Nocturnal urination 
hourly each voiding 
preceded by severe 
spasm 

12/22/43 Large and soft 
prostate, some mdura 
tion at lower end 

Not 

determined 

3 

12 weeks 

12 

A B 

07 

Nocturnal urination 
three or four times 

12/18/42 Moderately 
enlarged prostate very 
hard anatomic land 
marks not well defined 

00 

3 

4 weeks 

13 

S H 

77 

Nocturnal urination 
five or six times 

12/17/42 Very large 
prostate soft 

60 

4 

14 weeks 

14 

B S 

SI 

Nocturnal urination six 
times 

2/2/43 Extremely large 
prostate soft 

50 

3 

10 weeks 

15 

L R 

so 

Nocturnal urination 
two or three times 
pseudopriapism 

12/1S/42 Moderately 
enlarged prostate 
normal in consistency 

Not 

determined 

2 

14 weeks 

10 

D A 

71 

Nocturnal urination 
five times 

1/21/43 Much enlarged 
prostate firm 

Not 

r> 

O 

16 weeks 

17 

L H 

71 

Nocturnal urination 
tour times scn»e of 
pressure 

5/12/43 Tremendously 
enlarged prostate, soft 

Not 

determined 

3 

5 weeks 


Uninterrupted sleep item 11 
p m to 6 a m sensation 
ot pressure and dribbling 
gone 

Burning and pam disappeared 
nocturnal urination iemiced 
to one time 

Nocturnal urination umm 
proved 

Nocturnal urination reduced 
to two times 

Nocturnal urination reduced 
to three times, dribbling 
somewhat less , 

Nocturnal urination reduced 
to one time 

Nocturnal urination dimin 
isbed dribbling less 


Nocturnal urination reduced 
to two times 

Nocturnal urination reduced 
to one time 


Nocturnal urination reduced 
to three times 
Nocturnal urination reduced 
to two times 


None 


Nocturnal urination reduced 
to two times . 

Nocturnal urination reduced 
to two times 

Uninterrupted sleep through 
the entire night priapism 
subsided , 

Nocturnal urination reduced 
to two times (large stress 
Nocturnal urination reduces 
to two times, no sense ot 
pressure 


total and eslerified cholesterol Twenty-four hour speci- 
mens of urine were collected and preserved with toluene, 
and the daih excretion of creatine and creatinine was 
determined 

Administration of small doses of diethj Istilbestrol 0 
was begun This substance was administered orallv in 
the form of enteric-coated tablets and was given twice 
duh, in the morning and in the evening Patients in 
this age group are often uncooperative and imbued 
with some degree of superstition and hence cannot be 
entrusted with medicine to be taken m privacv We 
thcruore arranged lor the administration of the diethj 1- 
stdbestrol bv the intern' staff daih at specified hours 

6 Bought on the open market from a reliable manu- 
ncturer 


the prostate have been reported by a number < 
observers We were, however, unable to fit 1 
reports of synthetic estiogens’ having been at 
ministered orally for such a condition There 
an obwous advantage for all concerned if tS 
desired effects can be obtained by giving diethy 
stilbestrol orally We were fully aware of tl 
differences between oral and parenteral adfflU 
istration of any drug both m its effects and i 
its dosage Since persons show a wide variatic 
in their reaction to diethylstilbestrol, one mu 
determine the dose for each subject, startir 
necessarily with small amounts In our seru 
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ol cases, the tolerance of the subjects varied 
so much that no attempt was made to determine 
a minimum effectual dose or a maximum dose 
that could be tolerated without unpleasant side 
reactions 

An interesting observation was one that bears 
out the report of Ravich, 7 who found that among 


or metastatic carcinoma was noted during the 
period of observation We are not unmindful 
of the possible carcinogenic properties of the 
synthetic as well as the natural estrogens In 
the short period during which these subjects 
were under stud}', we were unable to observe 
any cai cmomatous effects The fact that our 


Jewish patients with hypertrophied prostates the subjects are of an advanced age group and may 
incidence of carcinoma was 1 7 per cent, as com- die from mtercurrent diseases before many years 

Dicthylshlbcstrol on Prostatism m Old Men 

Subsequent 


Total Time 
of 


Rectal Examinations 

Complications 

Observation 

Comment 

2/18/43 Prostate reduced in size, cor 
responds to average in a man of 40 
Tears, firmer 4/5/43 Prostate 
smaller than on previous, examination 
and much firmer 

Both breasts indurated and painful 
at end of nine weeks, medication 
discontinued, relief in two weeks 

6 months 

At present patient sleeps through 
night, feels young again 

4/5/43 Prostate markedly decreased 
m size much firmer 

Vt end of three months painful and 
indurated breasts, medication dis 
continued, complete relief in two 
weeks 

None 

6 months 

Patient remains free from all symp 
toms referring to urinary bladder 

o/’8/43 >,o change in size or consis 
tency of prostate 

5/17/43 Prostate reduced to about 
ono half the previous size 

5% months 

No beneficial effects noted 

None 

5 months 

Patient m hospital division due to 
nonpathologic fracture of neck of 
femur 

3/2/43 Prostate somewhat smaller 
than on previous examination 

None 

5 months 

Patient improved little 

3/30/43 Prostate smaller and firmer 

Enlarged and painful breasts at end 
of twelve weeks' medication 

6 months 

Improvement continues, patient bad 
a transurethral resection done four 
years previously 

Beneficial effects questionable 

j/2o/43 Little change m size and con 
'istency of prostate 

None 

12 weeks 

4/19/43 No changes noted 

Nausea, eructations and anorexia 

13 weeks 

Complications cleared up in a few 
days after medication was 
discontinued 

4/o/43 Prostate reduced to about 
half previous size somewhat firmer 

Nausea, vomiting at end of three 
months' medication 

5 months 

Improvement continues, gastric 
symptoms disappeared within a few 
days after medication was 
discontinued 

0/1/43 Prostate much reduced in size, 
somewhat firmer 

4/19/43 Prostate decreased to about 
half previous size 

None 

6 months 

Improvement is slight 

None 

5% months 

Patient refuses further cooperation 
because he feels well 

5/19/43 Condition of prostate 
unchanged 

None 

5 months 

Patient in hospital, bedridden due to 
chronic arthritis 

4/23/43 Prostate much smaller and 
,™y. upper pole easily reached 

Indurated painful breasts 

6 months 

Induration and sensitivity of mppl s 
persisted for five weeks 

a/i f M3 Prostate reduced m sue 
firmer 

Development of sublingual adenitis 
and stomatitis, which cleared up five 
days after medication withdrawn 

4 months 

That the adenitis was a complication 
of diethylstilbestrol therapv is 
questionable 

o/31/43 Prostate somewhat smaller 
much firmer 

None 

5% months 

Patient states loss of power for 
sexual intercourse 

0/14/43 Prostate much smaller and 
firmer 

None 

6 months 

Symptoms only slightly ameliorated 

0/17/43 Prostate moderately reduced 
in size an other findings same 

None 

5 weeks 

More improvement to be expected In 
the future 


pared with 20 per cent among all other patients 
with a similar condition His suggested expla- 
nation that circumcized men are less prone to 
carcinoma is interesting In this institution, 
there aie over 200 men, all of whom are circum- 
cized and whose ages range from 65 to over 95 
years The incidence of prostatic carcinoma 
among these men is very low, being slightly 
°' er 1 P er cent In the group under considera- 
tion, no ev idence pointing toward either local 

' Ravich, A The Relationship of Circumcision to 
cancer of the Prostate, J Urol 48 298, 1942 


affords us but little opportunity to study this 
phase of the problem 

In evaluating the effect of any medication on 
persons m an advanced age group, one must 
take care m interpreting their verbal responses 
to any inquiry We were therefore reluctant 
to treat those patients whose mentaht} was 
shrouded Twenty-three of our group were am- 
bulator}' and not under treatment for any other 
disease Two w T ere hospitalized (one for chronic 
arthritis and the other for a nonpathologic frac- 
ture) It was observed early in our experiments 
that those men who were phv siologicallv vounger 
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the woik of Chamelm and Funk, 8 whose experi- 
ments showed that liver extract 1 educed the 
toxicity of diethylstilbestrol, but we did not avail 
ourselves of this infoimation ) The gastric 
symptoms were relieved within three days after 
the medication was withdrawn 

No other complications were noted 
As was pointed out pieviously, there weie 
\ude variations m the toleiance of the expen- 
mental subjects to diethylstilbestrol Some sub- 
jects tolerated 5 mg daily for as long as six 
\\ eeks without ill effects, while others showed 
gastric or mammary complications within two 
weeks aftei taking 1 mg pei day 


wilting 8 subjects whose last dose ot diethjl- 
stilbestiol rvas given from three to five months 
ago Then piostates have remained reduced m 
size and the original improx ement as to the 
frequency of ruination and the other concomitant 
symptoms has persisted One subject, whose 
chief complaint was pseudopriapism, w'as relieved 
at the end of one month’s treatment with 1 mg 
of diethylstilbestiol daily and his symptoms hare 
not recurred Oui observations are necessaril) 
clinical and we aie cognizant of the limitations 
of clinical evaluation Howevei, our findings 
seem to conoborate the repoit of Kahle and 
Maltt y 1 On sectioning piostates of peisons 



Fig 2 (X60) — The ducts are hyperplastic, enlarged and dilated, the adjacent stroma is edematous 


Caie must be taken that the gieatest possible 
absorption occurs and that no other medication 
mterfeies with the maximum effect Since many 
ot these old men weie m the habit of taking 
liquid petrolatum, W'liich has been shown to 
interfeie with complete absorption from the 
gastrointestinal tract, this form ot medication 
"as stopped It is also known that diethyl- 
Hilbestrol is soluble m oil and may pass thiough 
the bod\ unabsorbed 

^ e had hoped that the effect ot diethylstil- 
Xstrol on the prostate would be to reduce the 
M7e Ihe gland and that the resultant shrinkage 
"ould be lasting We have at the time ot 

8 Chamelm, I, and Tunk, C Action of Iner 
extracts m Counteracting Toxic Effects ot Diethxl- 
i icUrol and Sulfanilamide Arch Biochem 2 9, 3943 


w ho had been undei ti eatment with diethyl- 
stilbestiol they found 

1 A reduction in the number of papillary mfoldmgs 

2 A. decrease m the size of the acmi 

3 A reduction m the height of the epithelium 

4 Stratification of the epithelium with and without 
xacuohzation of the cells 

Fuithei stud} of this pioblem is needed 

The following cases aie ttpical instances of 
successes and failures of treatment 

C \se 1 — B I, aged 67, was well preserxed for lus 
age and able to carrv on useful work in the institution 
His chief complaint was nocturnal frequence ot urina- 
tion — tour or fixe times Occasionallx there was a sense 
of pressure Examination per rectum rexealed a large, 
soft prostate xxith the central grooxe xxell outlined 
The patient was gixen 0 5 mg oi dietlixlstilbestrol dailx 
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At the end of ten days the patient reported that the 
sensation of pressure had disappeared and that he now 
was getting up only once a night The dose w'as 
increased to 0 75 mg a da> for one week and then to 
1.25 mg for a week At the end of six weeks’ treat- 
ment, the patient reported that he had been sleeping 
from 11 p m to 6 a m without interruption Only on 
rare occasions he had a sensation of pressure during 
the daj, but he complained of pain m both nipples 
Examination revealed that both areolar areas around 
the nipples w ere indurated and tender The prostate w as 
reduced to about half the size but appeared somewhat 
harder m consistency All medication was then discon- 
tinued Within two weeks all subjective and objective 
signs of induration around the nipples had disappeared 
The patient W'as reexamined three months after adnimi-. 
tration of dicthv ktilbestrol had been stopped The pros- 


The patient reported that the burning and the pam on 
urination had disappeared and the amount of urine 
voided each time was greatly increased The dose was 
increased to 3 mg daily for a month At the end of 
this time, nocturnal urination was reduced to twice, 
but the subject complained of painful sensations m both 
breasts Examination revealed the usual induration and 
sensitivity in the tissues around the nipples Treatment 
with the drug was then discontinued The patient wa> 
examined two months later Findings at that time were 
as follows The prostate was greatly reduced m size 
and firm in consistency, all mammary signs had dss 
appeared, the patient still urinated twice nighth 

Case 3 — I S, aged 77, was examined on Dec 17, 
1942 His chief complaint at that time was nocturnal 
frequencj of urination — five to six times — with no pain 
Rectal examination revealed a rather small prostate, 



Fig o (X 90) The lining cells of the ducts are duplicated, their nuclei aie liv perchromatic A thin secre 
tion is present within the lumen 


tate appeared even a little smaller than at the last 
examination and none of the urmarv complaints had 
recurred 

C\se 2 — A S, aged 86, had had a suprapubic pros- 
tatcetomv htteen vears preuoush The improvement 
otter tint operation was onlj moderate The patient 
still had to urinate twice nighth The frequencj of 
nocturnal urination increased as time progressed, until 
at the time of our first examination, on Dec 17, 1942, 
urination occurred even two hours accompanied bj 
pain and a burning sensation Examination at this time 
revealed a large prostate, soft m consistencj with 
anatomic markings not well delineated There was a 
moderate stricture at the anus, apparentlv caused bv 
a hemorrhoidcctomv -ome vears previoush The patient 
wa- gnen 0 75 mg of dietlnlstdbcstrol dadv One 
mo nh later he reported that there was definite improve- 
r v u The same do~e was given for another month 


firm m consistencj, with normal anatomic landmarks 
It was rather surprising to find such a small, hard 
prostate The patient was then given a general physical 
examination to rule out the possibility of cancer 
signs of either local or metastatic carcinoma were found 
The blood acid phosphatase was within normal limits 
The patient was given 0 5 mg of diethylstilbestrol daib 
After taking the drug for one month, he reported no 
improvement The dose was then increased to 1 5 mg 
daih for one month, after which time no improvement 
was reported The dose was then increased to 3 mg 
a day for a month with but little subsiding of his 
svinptoms The amount was finally increased to 5 mg 
dailj for three weeks This time there was a reduction 
in frequencj of urination to three to four times nighth 
Examination of the prostate at this time showed it tc 
be somewhat smaller but with no distinct change m 
consistencj 



KLEIN-NEJ]' MAN — DIETHYLSTI LBESTROL FOR PROSTATISM 


387 


t This case illustrates the point that pronounced bene- 
ficial effects cannot be expected in the shrunken, hard 
prostate 

Front a study of the accompany mg table and 
i the cases reported, it may be noted that con- 
i siderable improvement may result from com- 
1 paratively small doses of diethy lstilbestrol in 
;J favorable cases, while in other cases large doses 
mat fail to give the desned effect It is there- 
fore important to treat each patient individually 
and the doses should be regulated by close 
observation of Ins progress As a general state- 
_ ment, we may say that m a person who is well 
! preserved tor his age and mentally alert and 
! whose prostate is of the general hyperplastic 
type (senile hyperplasia) favorable results can 
be expected with this particular kind of esti ogen 
while in one who is suffering from advanced 
arteriosclerosis and its concomitant mental state 
or in one whose urinary obstruction is due to 
fibrous bars and sclerosis of the wall of the 
bladder good results cannot be expected 
As mav be seen from the table, only 17 cases 
are tabulated The other 8 cases hav e not been 
observed tor a sufficient length of tune to be 
included in a summary of results 
The criterion for success or failure was, of 
couise arbitrary We were, however, reluctant 
to classify patients as improv ed unless the num- 
lier of nocturnal urinations was reduced by at 
least 50 per cent In the light of this criterion, 
there were 71 per cent who were improved or 
completely relieved Of the lemaining 29 pei 
cent, only 1 subject showed no change in either 


the numbei of nocturnal urinations or the condi- 
tion of the prostate The other 6 patients show ed 
varyung degrees of improvement It is there- 
fore evident that the majority of men m our 
series were greatly benefited by this form of 
therapy Two of the subjects complained of 
prostatism with an average frequency 7 of noc- 
turnal urination of five times They had had 
suprapubic prostatectomies ten and three years 
ago respectively 

Complications occurred m approximately 25 
pei cent of the patients Eighty pei cent of 
these complications consisted of enlargement of 
the mammal y glands, while the l est vv ere gastric 
None of these were severe enough to cause dis- 
ability or to require confinement m the hospital 
These complications occurred onlv vv hen the 
maximum dose foi the person was continued 
from three to four weeks 

SUMMAEV 

Twentv-five patients with piostatism were 
treated by oral administration of diethvlstil- 
bestrol The majority 7 showed distinct improve- 
ment 

Complications occurred m 25 per cent of the 
patients all of vv Inch cleared up soon aftei medi- 
cation was discontinued 

The resultant shrinkage of the prostate le- 
mamed fot at least six months Whether this 
shrinkage is permanent will be shown by future 
examinations 

Dr S Seidenberg, senior resident phvsician, and Miss 
Annette Block give their assistance 
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A. prosthesis (-pun-dans, a putting to, from 
TTponTtBy-jpu, to put to) is an aitificial substitute 
foi any missing part of the body Since most 
such corrections are foi facial deformities and 
defects much of the literature and the mtei est is 
concerned with facial lestorations 1 

In 1942 I - described a prosthesis tor the 
restoiation of the defect caused by the amputa- 
tion of the breast and piesented the technic of 
its construction That papei was concerned with 
the restoration of the bieast after surgical abla- 
tion With modern education patients suffering 
from diseases of the breast seek earlier consulta- 
tion, carcinomas of the bieast are seen in and 
lemoved from youngei peisons For want of 
something bettei, women who have undeigone 
amputation of the breast attempt esthetic correc- 
tion ot the detect by nearing brassieres filled 
v> ith \ arious materials e g cotton, lamb’s wool, 
upholsterer’s han and goose down The bras- 
sieres must be worn lathei snugly to gi\e a sense 
of firmness and security Perspiration is there- 
fore troublesome, and swimming, beach lounging 
and dancing become estheticalh hazaidous pas- 
times for these women 

Another class of patients who seek cosmetic 
correction are women with congenital atrophy 
or absence of the breasts They attempt to gne 
the outline of the bi easts a semblance of accepta- 
bility b\ wearing brassieres filled with soft 
materials 

1 Brown, A M Correction of Facial Defects with 
Latex Prostheses, Arch Otolaryng 35 720-731 (May) 
1042, Extensue Mutilating Facial Defect Cosmetic 
Correction with Latex Mask Surgeri 12 957-961 
(Dec) 1942 Bulbulian, A H An Improied Tech- 
nique for Prosthetic Restoration of Facial Defects by 
Esc of a Latex Compound Proc Staff Meet, Maio 
CJm 14 433-439 (JuK 12) 1939 Lederer, T L 
Prosthetic Aids m Reconstructn e Surgerv About the 
Head Presentation ot a New Method, Arch Oto- 
hnng 8 531-554 (Not ) 1928 Peluse, S A Simpli- 
fied Technic for the Construction of Life Masks of 
Latex Rubber, ibid 31 955-965 (June) 1940 Zinsser 
Em emheher Xasenersatz, Munchen med Wchnschr 
60 2734 (Dec 9) 1913 

“ Brown, A M Latex Prosthesis for Cosmetic 
Restoration ot the Amputated Breast South Surgeon 
11 ISI-1SS (March) 1942 


The pioblems of these two classes of patients 
are diffeient Patients with surgical amputation 
of the breast lequire 

1 Unilateial prosthetic collection (since gen- 
erally onl) one breast is remoied) 

2 The restoration not only of the breast tissue 
but of the pectoralis muscle on the side of the 
opei ation 

3 A piosthetic bieast is constructed and de- 
signed so that w r hen the natural breast, which 
usualh is not peifect and often is pendulous, is 
lifted to its noimal position the natural and the 
artificial breast will match as to size shape, site 
and position of the nipples 

Women with congenital absence or atrophi 
of the breasts require 

1 Bilateral restorations 

2 No leplacement of lost muscle 

3 No correction of ptosis of the skin ot the 
breasts I make two types of breast prostheses 

1 Latex, hollow' pneumatic prostheses molded 
m plastei of pans 

2 Sponge uibbei, flexible elastic prostheses ot 
commeicial mbbei molded under heat and pies 
sure m aluminum molds 

TECHNIC TOR LATEX, HOLLOW PNEUMATIC 
PROSTHESES 

The patient is placed m an upright position 
for measuiements to determine the position ot 
the artificial bieast and the position of its nipple 
As illustrated, a line is drawm along the length 
of the clawde from the angle of Louis to the 
acionnon process (AB) The measurements are 
made bilaterally Anotliei line (AD) is diawn 
vertically from the sternoclavicular notch to the 
xiphoid cartilage With the arms dependent 
at the sides a line drawn from the acromion 
to the olecranon process is measured and bi- 
sected On each arm a maik is placed 1 cm 
below 7 this point of bisection A line ( CC ' ) 
drawm from this maik on each arm acioss the 
chest The clavicular lines (AB, AB') are 
bisected ( E ), and a line is drawn from the mid- 
clawcular line ( E ) of the normal side to the 
388 
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nipple Where this line ciosses the line CC' is 
the ideal location for the nipple ( E ') A mea- 
surement is made of the distance fiom the nnd- 
steinum to the point established as the ideal 
site for the nipple on the normal side of the 
chest ( DE ') The same distance is measured 
on the side of the operation, also along the line 
CC' to determine the site for the artificial nipple 
A small object, such as a bead or a button, is 
glued to the skin as a landmark Now the 
patient is ready for the making of a negative 
impression Petrolatum 01 liquid petrolatum 
is lightly applied to the side of the chest having 
the defect The material for the negative im- 
pression may be ordman molding plaster 01 one 
of the agar-molding compounds Three pounds 
( 1 3 Kg ) of ordinary no 1 molding plastei is 
mixed with 1 pound (0 5 Kg ) of potato starch 


the negative impression by immersing both m hot 
water and separating them -with a strong knife 
The potato starch in the negatne mass tends to 
swell m the hot water and forces the negative 
mold to disintegrate The positive mold is genth 
cleansed and is ready for the sculptuie ot the 
new breast 

Prostheses are molded with various matenals 
Dental wax is used for some, but for a part as 
large as the breast modeling clay is more con- 
venient and mexpensn e The model, howevei 
must be kept damp during the entire piocess ot 
modeling Plasticine made -with fine clat and 
olive oil is excellent and does not need to be 
kept damp 

When the plaster is pouied foi the positne 
impression, the embedded bead or button serves 
as a guide to locate the position of the new 



1'ig 1 — A, amputation of breast for carcinoma Note scar extending into axilla and loss ot pectoral 
muscle mass B, photograph showing ptosis of remaining breast 


This is mixed with watei in a lubber mixing bow 1 
and spiead ovei half of the chest The mold 
should extend laterally as far as the nudaxillary 
line and should include the shoulder and the 
claticle above Tlnnnei plaster furnishes finei 
detail The patient is cautioned that the plaster 
"ill become avaim as it hardens and is told to 
breathe lightly to limit costal excursion Then 
the hardened plaster is removed and painted 
" dh a thin coat of petrolatum or dental separat- 
ing compound 

\ positive reproduction ot the chest can be 
made of various plasters Hj drocol hard dental 
s tone hard molding plaster and rapid dental 
laboratory, stone are all satisfactory The plaster 

made into a creaim paste by mixing it u ith 
"uter in a rubber bowl Then it is spread 
iluekh o\er the negatne mold The negatne is 
"uith tapped to remote bubbles and allowed 
to dr\ The positne mold is remoted from 


nipple of the sculptured model k toothpick oi an 
applicator inserted at this point senes as a 
marker The modeled breast is made siighth 
larger in all dimensions, to allow' for a small 
amount ot shrinkage in the rubber The borders 
of the modeled breast should be smoothed to 
feathei edges 

In the modeling of a new breast, not onh must 
the breast be duplicated but extra mass must 
be pionded on its lateral aspect to compensate 
for the loss of the pectoral muscles which ha\e 
been remoyed surgically If the operatne scar 
extends to the axilla, much of the scar and the 
consequent axillary distortion can be co\ered 
be an extension of the prosthesis 

Most women use brassieres to support the 
breast that has not been operated on 1 he res- 
toration on the side of the operation is mo<|fi}|ied 
not to the more or less pendulous outline 
remaining breast but with its contc 
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and the nipple at its artistic site Thus when 
the brassiere is yvorn, it senes to keep the 
restored breast m its position and to lift the 
other breast to its nonnal place 



Fig 2 — Method of calculating the ideal position for 
the nipple with the lemaining nipple used as a land- 
mark 


Once the piosthesis is modeled satisfactorily 
as to size, position and artistic fidelity it is leady 
to haye the pores of the skin reproduced, as 
well as the details of the nipple To repioduce 
the pores of the skin, a small amount of fieshlj 
mixed plaster is pouied oyei the skin of the 
lemaining breast and dabbed oyer an area 2 oi 
3 cm m diametei As it hardens a wooden 
applicator is inseited to sene as a handle, and 
when the plastei is hard it is remoyed and used 



nipple without regard to its original position A 
triangle is drawn with the xiphoid cartilage and the 
axillas as points (ABC) It i- dmded \erticalh (CC') 
to establish more Msible smimetn The lines AC and 
PC are bisected and the points D and D' iurmsh the 
cites tor the nipples 


as a tamp or an impressor to stamp the pores 
and the delicate skin tracery into the clay model 
The nipple may be repioduced in the same 
way fiom the normal nipple The erectile 
muscles are stimulated yyith cold yvater, fast- 
setting hard plastei is poured over the erect 
nipple and aftei haidening is removed If the 
negative impression presents undercuts, they are 
gently shaved ayvay This negative impression 
is pressed on the loughh modeled nipple and 
reproduces the poies yvith astonishing fidelity 
To complete the positne mold, key openings are 
made m ty\ o oi three places near the edge of the 
impression to msuie accurate fit of the positne 
mold later It is lightly coated yvith petrolatum, 
the sculptured aiea being avoided This positne 
plaster mold will latei become the bottom por- 



Tig 4 — Latex prosthesis for unilateral restoration of 
the breast 


tion of a two piece mold The positive cast 
bearing the sculptured bieast is then covered yvith 
hard plaster The parts of the mold are carefully 
pried apart and the clay washed out 

A passage for the poured rubber is then con- 
structed A conical opening is drilled thiough 
the bottom half of the mold, about 1 cm in 
diametei at the narroyy end and 4 or 5 cm m 
diameter at the mouth It is dug into the bottom 
part of the mold so that its approach is from 
the posterior, or hidden, side of the restoiation 
Noyv the mold is thoioughlj dried, because the 
air content of the plaster is depended on to 
cure the rubber 

The t}pe of rubbei yyith yylnch to cast is 
important For this largei prosthesis a thick 
type of latex is, used Shrinkage is negligible, 


BROWN— PROSTHETIC RESTORATIONS TOR BREAST 


391 


and the product is firm It maj be thinned with 
a 28 per cent solution of ammonia 
Color is a -vitally important factor in the 
achievement of a good prosthesis Coloi added 
to the surface of a lestoration only contributes 
to an artificial appearance Color mixed with 
the latex before it is poured gives the restora- 
tion a neatly natuial appeal ance with a trans- 
lucence resembling that of normal skin The 
colors used must be alkali-fast Congo red, 
Biebrich scailet and carmine red aie suitable 
red dyes , burnt umber and n on oxide are 
satisfactory browns, and cadmium yellow and 
bismarck brown are also passable dyes 
Two paste colors which are stable m the pres- 
ence of the ammomacal diluent of the rubber are 
1 ed CD paste and oi ange Y OD paste 3 They 
aie made up of about 25 per cent active color and 
75 per cent w'ater and contain dispersing agents 
The paste is diluted with a little ammomated 


shrinkage If the color is not right an altera- 
tion of coloi is made, and a new pouring is 
necessary Liquid latex is sell vulcanizing it 
coagulates on exposure to air Thus plastei of 
pans permits the air to reach the rubber through 
the pores of the plaster It also hastens coagula- 
tion by drawing the solution of ammonia off and 
into its own mass, the molded coagulum being 
left within the mold 

The edges of the piosthesis are trimmed with 
fine scissois and an electric burning pencil The 
latter is a stylus with interchangeable points of 
vanous shapes Seam lines mat be obliterated 
with the heated knife edge, and irritating points 
on the skill side of the prosthesis maj be trim- 
med away with it The prosthesis may be 
ground smooth here and there w ith a high speed 
gianite wheel, such as is used to trim -vulcanite 

The prosthesis is hollow, and a few pinches of 
]}copodium are sprinkled or blown into the m- 



Fig 5 — 4 and B, front and oblique -news showing congenital atropln of the breasts 


distilled water to obtain more delicate tints 
If color agglomeiates oi specks appear on the 
finished latex piosthesis, one may assume that 
the colors did not disperse easily because they 
"eie not compatible with ammonia This, w-e 
hate found is the most common leason foi 
flocculation 

1 b e mold is filled with i ubbei and is set aside 
for about foiti-fhe minutes, then the excess 
uibber is pouied out A layer of rubber wall 
remain coagulated against the plastei of pans 
jacket It should be about Y% inch (10 mm ) 
thick If it is not thick enough the liquid latex 
n 'a\ be pouied into the mold a second time 
adding to its thickness When the la\er is 
t uck enough the mold is placed in an o\en at 
^ ’out 130 F for approximateh eight hours 
an o\en is not arailable, it mat be left at 
room tempeiature foi one or two daVs 

' ^ ter drung the mold is opened and the 
restoration is inspected for bubbles coloi and 

1011° n't ^ lA'Pont de Nemours Compam \\ ilmimrUm 


tenor to pi event adhesions within the cavit} 
The openings through which the rubber was 
poured are sealed with a thin sheet oi latex Thus 
the prosthesis is pneumatically sealed The lm- 
pnsoned air together with the natuial elasticity 
of the latex rubber compound grves resiliency to 
the lestored breast comfort to the wearei and 
esthetic satisfaction 

The prosthetic breast lestoration mar be held 
m place with a brassiere For such actmties as 
swimming or when a brassiere cannot be worn . 
it may be attached with a mucilage made of 
st\ rax, gum mastic and chloroform which has 
been found nommtating and comement to use 
Not onl\ does it hold the prosthesis firmh in 
place but it is perspiration proof and uaterproot 

TICHNIC FOR TREMBLE, ELASTIC SPONGE RURBFR 
PROSTHESES 

The patient is placed m an upright position 
and measurements are made to determine the 
position or the artificial breast- and the position 
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ot the nipples as desciibed with the pieceding 
technic The positive reproduction of the chest 
in hard plastei is also carried out m the same u ay 
Howerer, the entue chest must be lepiodticed 
The new bi easts are sculptured in clay slightly 
oiersize to allow for shrinkage of the rubbei 
Since both bi easts are being lestoied, much moie 
tieedom m the execution of the sculptme is 
pei nutted no existing bieast need be copied 



1 ife 6 Coloration of the prostheses b\ application 
ol tinted liquid late\ The plaster hood is applied 
mimechatelj aftei the rubber is painted on, to insure a 
dull finish 


ihe piosthetist is governed by the statute ot 
the patient and Ins own aitistic sense After the 
sculpture is finished the mold is completed bv 
pouting more hjdrocol over the ensemble of 



Fig 7 -Patient putting prosthesis into position 


plastu chest and sculptured breasts After it , 
lardened the mold is taken apart and the cla 
Ntadted out This process leaces a two piec 

1 l ,lastcr Cnhkc the first ted, me “ 
pourmg channel is made instead the mold 
dong "hat "mild he the sternum, a 7 e an 

huiTki. M Pl “ ,er “ Pans fer 


f be plaster parts 
man tmtndri tor 


are non sent to the alunu- 
duphcation in aluminum 


Standard aluminum casting technic is used A 
tmy opening, about 1/32 mch (10 8 nun) 
diameter, is drilled through the aluminum nega- 
tive at the point of the nipple to permit the 
escape of an and carbon dioxide gas during the 
uilcanization of the rubber It is necessary to 
use aluminum molds because sponge rubber 
prostheses aie cuied with heat under pressure 

The formula used for the sponge rubber 
piostheses is as follows 


Pale crepe iubber 
Lead-free zinc oxide 
Captax 4 
Stearic acid 
Petrolatum 
Sodium bicarbonate 
Sulfur 

Glacial acetic acid 
15 per cent titanium dioxide 
(Diluted with Lithofoam ! ) 
T X red s 


ISO lb (82 Kg) 

10 lb (05 Kg) 
01875 lb (851 Gm) 
0 75 1b (3402 Gm) 
60 lb (27 Kg) 

20 lb (09 Kg) 

0 75 lb (3402 Gm) 

0 3125 1b (141 8 Gm) 
2 5 lb (11 Kg) 


5 Gin 



Pig 8 Front view with prostheses 


The amounts of the titanium dioxide and the 
, 7 led pigment are varied to furnish diffeient 
b lades of a basic color for the prostheses 

Ihe various ingredients are incorporated into 
the mass with a nulling machine The nulling 
machine consists essentially of two steel rollers 
e ^ n ^. ncadv S eare d to run m the same direction 
. 1 eren t rates of speed The rubber mass is 
r ° e re Peatedly through the nulling rollers to 
sprea the components of the mass evenly 
iroug t the hatch of the pale crepe rubbei 
tter repeated milling, the iubber mass as- 
sumes t e iorm of sheet rubbei A piece is cut 
i it i nite or scissors to fit the base of each mold 
ie mo d is closed and locked under pressure 

4 R T Aanderbilt Company, K eu \orh 
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and then heated to 300 F foi approximately one 
hour This heat libeiates caibon dioxide in the 
form of countless numbers of tiny bubbles of gas, 
which expand the rubber and foice it into every 
crevice of the mold The excess gas escapes 


a few more tunes This lolling pressure bieaks 
the tiny partitions between the gas bubbles and 
gnes the prosthesis a true sponge rubber con- 
sistency Despite the distortion caused b} the 
rolling, the prosthesis reassumes its a ulcanized 



Fig 9 — A and B, two oblique \ievs with prostlieses 



Tig 10 — Side \ie\\ with pro^theses 


through the minute opening pre\ loush men- 
tioned Thus the rubber is forced into shape at 
the same time that it is expanded b\ the carbon 
dioxide gas and it is Milcanized m the expanded 
state 

‘titer the lubbct hi easts are lemoxed trom the 
niold the\ are uin tlnough the milling machine 


shape Breaking the trabeculae between the 
bubbles makes the prosthesis solter and more 
resilient Most ot the gas bubbles become true 
spong\ air bubbles 

We liaAe found that color applied to the -ur- 
lace ol a prosthesis gne^ an appe irance of arti- 
hciahtA to the restoration l'o match the ^ 
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prosthesis with the skin, the rubber breast is 
glued back on its aluminum base, and a cap of 
plaster ot pans is poured over it After drying, 
this cap is removed 

Suitable colors are mixed with a quantity of 
liquid latex and painted over the prosthesis 
When the colors are incorporated with the rub- 
ber which is to become a part of the prosthesis, 
the color coming from within the mass of the 
restoration simulates that of skin better than 
painted colors If the liquid latex containing 
the color is permitted to dry of itself, it be- 
comes glossy and enamel-like The plastei cap 
is used to prevent this glossiness Immediately 
after the colored rubber is applied, the cap of 
plaster is replaced ovei the prosthesis The 
rubber drying against the plaster cures wjth a 
dull finish This may be repeated until the de- 
sired color is obtained 


The breasts may be fastened m place by the 
following methods 

1 They may be glued in place with a gum 
mastic mixture 

2 They may be held in place w ith a brassiere 

3 Both of these methods may be used simul- 
taneously 

Sponge rubber prostheses wear exceedingly 
well Although their production is involved and 
difficult, piostheses of sponge rubber should 
have a definite place in restoratn e reconstructive 
surgery 

We are now attempting to make prostheses of 
sponge rubbei to restore the contour of the calf 
of the leg for the atrophy follow mg poliomyelitis 
Tins material should he useiul too lor large pros- 
theses, such as those required for esthetic cor- 
rection of missing limbs 

540 North Michigan Avenue 
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HISTORY AND PURPOSE 

As early as 1895 Leube 1 raised the question 
of subcutaneous injections of fat for nutritional 
purposes, in connection with administration of 
repeated injections of camphor oil to patients 
with cardiac failure Attempts were made by a 
number of workers 2 to study utilization of sub- 
cutaneously injected fat, although absorption 
from the sites of the injections was admittedly 
relatively slow Studies on the utilization of 
emulsions of fats administered by vein to animals 
were made by Murlin and Riche in 1915,® 
Nomura in 1929/“ Baba in 1931 5 and Narat in 
1937 6a * b It was reported that by such injec- 
tions the lives of 2 starving dogs weie pro- 
longed Gn - b and m rabbits the iodine and saponifi- 
cation numbers of body fats were altered in the 
direction of those of the infused fats 4b While 
it was suggested that the infused fat was de- 
posited m the depots, adequate control studies 
were not reported Under certain cncumstances 
the respiratory quotient was lowered by intra- 
venous administration of fat 3 Workers have used 

* Fellow, Sw lit and Company grant 

From the Department of Surgery, University of 
Chicago 

This work was carried out under a grant from 
Swift and Company, Chicago 

1 Leube, W Sitzungsb d pin s -med Gesellsch zu 
" urzburg, 1895, p 5 

2 Koehne, M , and Mendel, LB J Nutrition 
1 599, 1929 du Mesml [de Rochemont], T F 
Deutsches Arch f him Med 60 472, 1898 Mills, 
T H The Utilization of Fats and Oils Given Sub- 
cutaneously, Arch Int Med 7 694 (May) 1911 Mills, 
L H , and Murlin, J R Proc Soc Exper Biol 6L 
Ned 7 166, 1909-1910 Sommer, G Sitzungsb d phis 
med Gesellsch zu Wurzburg, 1897, p 26 Winternitz, 
H Ztschr f klin Med 50 SO, 1903 

3 Murlin, J R , and Riche, J A Proc Soc Exper 
Uol &. Med 13 7, 1915 

4 Nomura, T (a) Tohohu T Exper Med 12 3S9, 
1929 > ( b ) 12 497, 1929 

5 Baba, T (a) Tohohu J Exper Med 17 154, 
1Q 31 , (6) 17 274, 1931 

6 Narat, J K (a) Arch t him Clur 187 795, 
1 Q 37 ({>) Am j i^gcM Dis &. Nutrition 4 107, 1937, 
(0 Urol N Cutan Re^ 42 17, 1Q3S, (d) J Urol 39 
'O 1°38 


dyed or iodized emulsions intravenously 7 m 
attempts to trace the fate of infused fat, but 
conclusive evidence for utilization of such fat 
has not been obtained 

Mansfeld in 191S 8 reported success m intra- 
venous administration of fat emulsions to 
patients as a vehicle for quinine or camphor 
Other workers who have reported on the intra- 
venous administration of fat emulsions to human 
beings (adults, children and infants) are Val- 
ledor (1933), 9 Flolt and co-workers (1935), 10 
Gordon and Levine (1935), 11 Myers and Blum- 
berg (1936), 12 Narat (1938), 0ca Frazer and 
Walsh (1939), 13 Kramick (1940) 14 and Clark 
and Brunschwig (1942) 15 The amounts of emul- 
sion given daily to adults have varied from 20 cc 13 
to 250 cc 8 and the lipid concentration has 
ranged between 3 per cent 8 and 10 per cent 15 
Beneficial effects were reported, 16 and depression 
of the respiratory quotient m a healthy infant was 
cited by Gordon and Levine 11 as suggestive evi- 
dence of utilization Fat emulsions have been 
used to produce ketosis in the treatment of 
urosepsis Gc and to “detoxicate” bacterial toxins 13 

Recently casein digests have been successfully 
administered by vein to experimental animals and 
to patients, in addition to the dextrose and elec- 
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trohtes which have been used in loutine clinical 
practice for many yeais It seemed desirable 
to make fui ther studies on the fate and possible 
nutritional propeities of intravenously adminis- 
tered fat emulsions, because of the relatively high 
caloric value of fat and the possible mdispensa- 
bilitv of certain fatty acids for normal metabolism 
Success m this direction would appeal to afford 
furthei advance m the problem of suppoitive 
tieatment of patients by parenteral feeding 
Studies on the lipids extracted from samples 
of omentum taken from dogs before and after 


tologic observations were made on the liver, 
spleen and omentum before and after the infu- 
sions The caloric intake, weight trends and 
blood and urine of the same animals were studied 


MATERIALS AND 


METHODS 


Fat foi intravenous injection was emulsified under I 
high pressure The emulsions U'ere prepared by the ] 
combination of an emulsifier and a fat, in the propor- 
tion of one part of the former to two of the latter 
The emulsifiers employed were commercial egg lecithin 
and denial 14, a mixture of polyglycerol esters manu 
factuted by The Emulsol Corporation, Chicago (United 



1 ig 3 Photomicrograph (y 1 bOO) of a fresh nnxtiue of dogs blood and a lecithin-fat emulsion to show the 
comparative size of red blood cells (R) and leukocytes (L) on the one hand, and fat droplets (F), on the 
other hand 


intravenous infusions of tat were undei taken m 
an attempt to identity foreign fat in the normal 
fat depots of the body Foreign fat that has been 
ted b\ mouth changes the normal body fat of 
anninls ’* If unused fat were found m the normal 
depots it would presumably be destined to be 
utilized Parallel with studies on the lipids his- 
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Chcm 76 729 1928 LebcJeff A Cent ralbi f d wed 
\\ i"cn ch 20 129 1SS2 Mendel, L B and Anderson 
W E A ale 1 Biol & Med 3 107 1930 Munk I 
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States patent 2,022,700) The fats employed consisted 
of olive oil and lard oil (lowest melting point frac- 
t on of lard) A fat and an emulsifier were first stirred 
together m a large beaker Gentle heating aided thor- 
ough mixture A sufficient volume of distilled water was 
added to yield an emulsion that contained 4 to 7 5 per 
cent of the emulsifier and 10 to 15 per cent of the 
fat, b\ weight Homogenization (emulsification) was 
obtained b> passing the mixture through a dair) 
homogemzer at 4,500 pounds (2,025 Kg ) of pressure 
per square inch (the homogemzer was supplied hi the 
Cherrj -Burrell Corporation, Chicago) 

At first tablets of sodium chloride were added to the 
emulsions to afford isotomcitj , but these favored break- 
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down of the emulsions It was then observed that 5 per 
cent dextrose solution was a satisfactory menstruum 
Autoclaving, carried out for sterility, also resulted in 
some creaming of the emulsions and was not generally 
emploved when injections into animals were made 

Microscopic examination of samples of these emul- 
sions in a hemocytometer chamber showed that most fat 
Uroplets varied m size from a fraction of a micron to 
2 microns in diameter (fig 1) Occasional droplets were 
as large as leukocytes, and some w’ere 15 to 30 microns 
m diameter The pn of an emulsion of 7 5 per cent demal 
with 15 per cent lard oil in 5 per cent dextrose solution 
was 785, of the same type of emulsion with olive oil, 
7 80, and with lecithin, 4 25 

Other emulsifiers were employed, such as soybean 
lecithin, “vegetable” lecithin and an anionic commercial 
emulsifier, which was hemolytic All proved highly 
toxic 

The procedure for 13 dogs (table 1 A) was (a) pre- 
liminary feeding for nine to fourteen days of commer- 
cial dog food of low fat content, 4 to 6 per cent, 
equivalent to 80 calories per kilogram of weight (but 
this was not always consumed) , (b) biopsies of liver, 
spleen, omentum and occasionally kidney, (c) resump- 
tion of the preceding diet for four days with intravenous 
injections of isotonic solution of sodium chloride or 
infusions of 5 per cent dextrose solution in daily amounts 
equivalent to the volume of the fat emulsion that was 
injected daily after the fourth day When the men- 
struum of the fat emulsion was saline solution, saline 
solution alone was injected in the preliminary period 
The periods of infusions of fat lasted from one to 
thirty-six days The quantities of emulsion infused daily 
"ere equivalent to 2 to 3 Gm of fat per kilogram of 
body weight Biopsies of liver, spleen, omentum and 
sometimes kidney were made at the end of the period 
of the infusions, and from 5 dogs specimens of liver, 
spleen, kidney, lung and omentum w'ere taken at 
necropsy (animals killed) two to eight months after the 
last infusion All animals that died during the experi- 
ment were subjected to necropsy All tissues were fixed 
m a 4 per cent solution of formaldehyde and stained 
with hematoxylin and eosin or with Sudan IV in frozen 
sections to detect fat As controls, 3 dogs were main- 
tained on the diet outlined and were subjected to biopsy 
at proper intervals but received no fat emulsions 

EITECT Or INFUSED FAT ON QUALITY 
OF DEPOT FAT (TABLE 1 B) 

Lipids weie extracted fiom samples of omen- 
tum taken before and aftei the infusions, their 
iodine and saponification numbers detei mined 
niid then physical states and melting points 
studied It will be noted (table 15) that after 
the infusions the iodine numbers rose and the 
saponification numbers fell m all 9 cases The 
iodine numbers of laid oil (2 samples) and olive 
0,1 i\etc definitel) higher than those of the 
omental fat of dogs taken at control periods, and 
hie saponification numbers were definitely lower 
I be same w as true of the emulsify mg agent 
denial also a lipid Therefore the changes tab- 
ulated might at first be interpreted as proving 
deposition of infused foreign fat in normal fat 
depots How ex ci, m spite of preliminary feed- 
mgs ot the commercial dog food for ten days, 
0 control dogs fed on this diet tw entv -eight more 


days without infusions of fat showed similar 
shifts in the chemistry of their omental fat In 
2 dogs, A and S, fat was removed fiom the 
omentum four and a half and two and a half 
months after cessation of the infusions, feeding 
during these months having consisted of the 
stock laboratory diet The quality of fat after this 
period lesembled more closely the quality of fat 
befoie the infusions than that at the close of the 
twenty-one day periods of infusions and feedings 
of commercial dog food We were led to con- 
clude that changes in iodine and saponification 
numbers of depot fat were not appreciably' 
affected by infusions of fat The changes that 
were noted could be accounted foi by the nature 
of the diet 

Howevei, the physical states of the extracted 
fats of 4 of 9 dogs (E-l, A, 399 and 2S1) befoie 
and after the infusions did suggest changes in 
quality due to the infusions in these animals The 
first samples obtained were predominantly solid 
at room temperatures After the infusions the 
exti acted samples at room tempeiatuie divided 
themselves clearly into fluid and solid fractions 
In 1 instance the actual melting point of the 
fluid fraction was determined and found to be 
11 to 12 C, identical with that of the infused 
lard oil The physical states of the fats extracted 
from the control animals at the end of the experi- 
mental period were identical with those at the 
onset of this period , in 2 cases the)' were alw ays 
solid and m 1 case always liquid (without solid 
fraction) Changes in color were noted in fats 
from both the control animals and those given 
infusions The fats became more yellow or more 
orange, presumably as a result of the pigments 
derived from the diet of commercial dog food 
Determinations of the melting point, which 
afforded a wide range of readings with the 
heterogeneous types of fat studied, were in 
general inconclusive ITow ever, the melting 
points of the fats from dogs E-l and A appeared 
definitely lower aftei the infusions than before, 
i e more like those of the infused fats These 
physical changes presented suggestive but not 
conclusive evidence of changes in the quality of 
depot fat due to the infusions of fat in some of 
the animals 

HISTOLOGIC STUDIES 

Biopsies before the infusions showed normal 
liver, spleen and omentum and omentum ex- 
amined after the infusions showed no abnormal- 
ities Tissues taken after the infusions from 13 
dogs m the studies described under ‘ Materials 
and Methods” are here described with others 
taken after infusions of fat from 11 dogs in the 
studies on nitrogen balance (succeeding section) 
Mtogether of 14 dogs receiving lecithin emul- 
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the infusions Individual variations in disposal 
or in digestion of fat appeared to be not wholly 
related to the emulsifying agent or to the time 
that had elapsed since the infusions The lungs 
of dogs given demal emulsions and of animals 
given lecithin emulsions were alike in being 
normal The picture m the sections of liver vai led 
from an essentially normal one to one showing 
the presence in the parenchyma of small groups 
of macrophages containing fat and brown pig- 
ment giving a piussian blue reaction identical 


arose as to whether this was injected fat or 
lepresented globules arising fiom within the 
cells as a result of injury incident to the infusions 
It was not possible to stain fat in liver cells re 
suiting from chloroform anesthesia by injection 
of sudan IV m diacetin (glyceryl diacetate) in 
travenously The small amount of fat occasionally 
observed in normal liver cells was likewise not 
stained by such injections In order to observe 
whether injected fat accumulated in the hepatic 
cells, the fat was saturated with sudan IV and 



Tie 3 —Photomicrograph of a biopsy section (hematoxylin and eosin stain) taken from the spleen of dog 409 
after thirti -tv o daj s of infusions of demal-fat emulsions Large fat globules (G) are not within the macrophages 
but are arrested m the sinuses 


with that of hemosiderin (fig 5) Eventually 
both fat and hemosiderin appeared to decrease in 
amount and then disappear, leaving a few' 
foreign body giant cells not lipoid histiocytes 
(dog 499 three and a half months) In the 
spleen, as amounts of fat decreased, amounts of 
hemosiderin increased Sections of kidney , w Inch 
were for the most part normal or showed 
moderate amounts of fat in the glomeruli and 
tubules showed in 1 case (dog 544) diffuse 
inflammation and fibrosis 

Mention has been made before of increased fat 
in the lner cells alter infusions The question 


the emulsion made and injected The large 
globules of fat in the hepatic sinuses were 
stained light pink, but studies of the fat within 
the hepatic cells were inconclusive as to its 
staining , hence it was not possible to ascertain 
if the hepatic cell fat ivas exogenous or endo- 
genous Ten dogs were employed in this series 
of experiments 

THE RELATIONSHIP OF CALORIC INTAKE 
, T 0 CHANGES IN WEIGHT 
Of 12 dogs receiving infusions of fat and food 
hi mouth, 4 gained weight, taking an average of 
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73 calories per kilogiam by mouth and receiving 
an average of 19 calories of fat per kilogram 
bj vein Their gams m weight were equivalent 
to 3 4 to 10 per cent of the initial body w eight 
over periods of eight to thirty-six days Five 
dogs maintained a stationary weight but received 
an average of 57 5 calories per kilogram by mouth 
and 20 calories of fat per kilogram by vein 
Three dogs lost weight, leceivmg an average of 
34 calories per kilogram by mouth and 23 calo- 
ries of fat per kilogram by vein The gam or 


showed a marked gain m weight (E-l) with 
infusions of fat when the total caloric intake was 
103 calories per kilogram of weight Weight 
was constant m the second course (E-2), m 
which a lecithin emulsion was given, and in the 
third course (E-3), with a denial emulsion, m 
which the dog showed malaise and weakness 
Nine months later the animal appeared to be m 
vigorous health, had gamed more than 3 Kg 
m weight on the stock diet and was not anemic 
Biopsy specimens of liver and spleen showed 



I ig 4 — Photomicrograph of a biopsv section (hematoxvlm and eosm stain) taken from the lner of dog 409 
after thirtv-tvvo dais of infusions of demal-fat emulsions Large fat globules appear to distend and distort the 
hepatic sinuses 


loss i aried w ith the intake by mouth the amount 
of fat infused hat ing remained constant Three 
control dogs maintaining caloric intakes ot 65 
29 and SO m food taken b\ mouth lost weight 
clightlj It is not possible to obtain evidence 
from these studies as to the extent ot metabolism 
ot the infused fat 

It will be noted that dog E (designated van- 
ou<4\ as E-l E-2 and E-3) was gnen infusions 
ot tat for three periods a total ot sixti-one 
dais It received a total ot 1 724 Gm ot oil 
exclusive of the lipids lccitlun and denial and 
biopsv specimens were taken four times It 


onlv small amounts ot tat Given infusions a 
fourth time in the studies on nitrogen balance 
(designated as dog 250 in table 2) the dog 
survived the infusions tor onlv four davs There 
was moderate portal cirrhosis of the liver, pos- 
siblv the result ot repeated prolonged mjurv to 
the liver bv the infusions of lat During the 
second course of iniiisions given this dog we 
observed on the second dav an exophthalmos 
the leit eve with dilated pupil mid incut i 
membrane covering about one third or tl 
ball This began to subside after five d 
lv>d disappeared eleven d*»\- l~te T - 
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only disturbance we observed that might have 
been the result of cerebral fat embolism 

BLOOD AND URINE OT DOGS GIVEN INFUSIONS 

During the infusions of fat emulsions, the red 
blood cell count and the hematocrit reading were 
lowered for all dogs studied Color indexes 
after the infusions did not vary significantly 
from those before the infusions Foi 5 dogs 
with complete records the hematocrit readings 
fell to 55 to 73 per cent of the original values 
The hematocrit leadings of 3 conti ol dogs fed 


In most instances the blood serum was clear 
twenty to twenty-four hours after the infusions 
of fat, in some instances it was cloudy The 
white blood cell count rose conspicuously, to 
19,800, 26,600 and 32,600 m 3 of 6 dogs on 
which observations were complete Nomura 4a 
had observed in rabbits an earl} leukopenic 
response with subsequent leukocytosis 

No gross fat was seen m specimens of urine 
collected fiom dogs A and E over six dav 
periods during the infusions of fat However, 



Fig 5 Photomicrograph of a biopsy section (hematoxylin and eosm stain) taken from the liver of dog 409 
six months after the section shown m figure 4 was taken Large globules of fat seen in the previous figures 
hate now disappeared M shows small foci of macrophages, some with hemosiderin and fat globules, scattered 
throughout the li\er 


the diet of commercial dog food foi comparable 
periods fell to S3 to 91 per cent of the original 
values Improvement occurred after cessation 
of the infusions, hematocrit readings returning 
to S6 to 94 per cent of the original values during 
periods ranging from two and a half to six 
months The infusions of fat appeared to pro- 
duce severe anemia in dogs with recovery after 
the mtusions were stopped and the dogs were 
returned to the stock diet This is similar to 
what has been observed in the effects on the 
blood ot high fat diets Is 


ethyl ethei extracts of 50 cc aliquots evaporated 
to dryness showed a greasy film, which was 
proved to be fat by staining with sudan IV 
We were led to conclude that a small portion 
of the infused fat was excreted m the urine, as 
might be expected from a histologic study of the 
kidneys, which m some cases showed the epi- 
thelium of the convoluted tubules loaded with 
small fat globules 

18 Johnson V Longmi, J , and Freeman, L W 
Science 97 400, 1943 
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STUDIES OF NITROGEN BALANCE (TABLE 2) 

Analysis of the depot fat m dogs given infu- 
sions of fat emulsions and histologic examina- 
tion of their tissues had given no final proof of 
utilization of infused fat Because of the 
mtrogen-sparmg effect of fat on protein catabo- 
lism up to a point, studies were carried out to 
see if a reduction in excretion of nitrogen could 
be demonstrated as a result of the infusions of 
fat Of 11 dogs used, 6 died, apparently as a 
result of the infusions The others remained 
m good condition throughout the experiment 

The dogs were prepared by a preliminary starvation 
period of one week Then 60 calories per kilogram of 
\ eight was given of the commercial dog food with a 
constant nitrogen content, and the urinary excretion of 

Table 2 — Excretion of Unitary Nitrogen of Dogs 
During Period of Infusion of Fat and 
Conti ol Periods* 


Diet Plus 

Diet Plus Diet Plus Diet Plus Emulsion 
Commer 6% Emulsion of Fat 3% ofFatln5% 
clnl Dog Dextrose in 3% Dextrose Dextrose Dextrose 


Dogs 

Food Diet 

Solution 

Solution 

Solution Solution 

Only 

by Vcm 

by Vein 

by Vein by Mouth 

ala 

4 34 

3 50 

0 51 inc 

(Died 3 days after in 
fusions were started) 

2a0 

9 74 

8 5S 

9 96 me 

(Died 4 days after in 
fusions were started) 

i 

4 1C 

3 03 

3 40 ine 

(Died 4 days after m 
fusions were started) 

i 513 

4 62 

4 01 

5 03 inc 

(Died 5 days after in 
fusions were started) 

173 

5 43 

3 79 

3 57 me 

(Died 0 days after in 
fusions were started) 

id 

13 01 

S 78 

9 33 inc 

(Died 9 days after in 
fusions were started) 

lia 

9 9S 

8G4 

8 81 

8 3S (In good 

health) 

WO 

4 SO 

4 03 

4 70 

4 94 3 96 

aOO 

629 

7 40 

6 98 

6 32 6 29 

*U 

178 

3 30 

4 92 

5 22 3 80 

i 5oG 

0 43 

4 01 

0 65 

5 26 5 21 


rallies" am 0 ®? ures represent averages (grams of nitrogen) of 
ot onr', tor forty-eight hour periods The period 

c “ "rimea was ten days 


!q r °? Cn " as determined Changes in weight were fol- 
dai '>' hut did not prove to be significant Each 
a di!" 6 ^" S ^ ai *‘ ra * I0n > except those becoming ill for 
T ^ c ^ ore death For ten days the dogs were 
1 ^ during the next ten dajs a 5 per 

Riven ° ' ltl0n ^ cxtrose > d0 cc per kilogram, was also 
'»inhrT n ' Cn ° US ^ ’ an ^ ^ urin ff a further period, of 
‘ oil ^ lc saTne amounts of a 10 per cent oliv e 

ll I(! ^ c ^ ,0n m ^ per cent dextrose solution, instead of 
curing ii°' C S0 ' utl0n alone, were given by vein It was 
di\ s 1S pen °d tint 6 dogs died, from three to nine 
were started Five of the dogs 
di\i ro c ten ^av Period were again given onlv 

0 ution b\ v cm, and 4 of these during a fifth 


ten da) period were fed a fat emulsion bv stomach tube 
in amounts equal to those previously given by vein 

There were frequent and wide variations 
among the five forty-eight hour determinations 
of nitrogen excretion within each ten day period 
When these readings were averaged it was evi- 
dent that the first period of administration of 
dextrose lowered the nitrogen excretion of 9 
of 11 dogs and that when fat in addition was 
given by vein the nitiogen excretion fell still 
further m but 1 of the 5 dogs that survived and 
1 of the 6 dogs that died during this period 
Theie was not close agreement between the 
quantities of nitrogen lost during the periods of 
infusions of dextrose before and after the period 
of infusions of fat A significant period in this 
stud}'' appeared to be the last, in which the levels 
of nitrogen excretion for 4 dogs fed a fat emul- 
sion by mouth stayed lelatively stable and all 
aveiages were below the corresponding ones 
obtained in the period of infusions of fat It 
would appear that undei the conditions of the 
experiment fat emulsions exert more of a 
nitrogen-sparing effect when given by mouth 
than when given by vein Hence, when fat is 
administered by the intravenous route as out- 
lined theie appears to be little significant and 
piofitable utilization of it It thus seems hkeh, 
fiom the lack of niti ogen-spai mg effect of in- 
fused fat in the dogs and the high mortality in 
this experiment, that the infusions of fat exerted 
a deleterious effect on the dogs 

Some confirmation of the absence of mtrogen- 
sparmg effect following infusions of fat was 
found in studies on a patient R G , a man, 
aged 40, weighing 53 2 Kg , suffered from car- 
cinomatosis Nothing was taken b} mouth dur- 
ing a nineteen day observation period when for 
eight days a casein digest (amgen) and dextrose 
weie given by vein to the average equivalent of 
1,052 calories per day With this regimen the 
average nitrogen balance was -f- 1 7 Gm a dav 
Then for eleven dav s a casein digest and dextrose 
vv ere given to av erage only 852 calories per dav 
During this period an average of 21 6 Gm of fat 
(olive oil) was also infused dailv The total 
caloric v alue of the substances gn en bv infusion 
equaled 1,047, which was practical!} identical 
with the calories given dailv during the first 
period of eight davs m the form of a casein digest 
and dextrose onlv It mav be argued that if the 
infused fat were appreenbh utilized the caloric 
intake during the second period being the same 
as during the first, nitrogen balance should be 
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hke that of the hist period However, during 
the second period there was a daily average loss 
of 0 8 Gm of nitrogen, which suggests that the 
infused fat was not appreciably utilized It is 
tiue that the intake of protein was less m the 
penod of infusions of fat than during the pre- 
nous period, when it averaged 1 6 Gm pei kilo- 
gram daily During the penod of infusions of 
fat it averaged 1 25 Gm pei kilogiam daily, 
which is still appreciably above the commonly 
accepted minimum, of 075 Gm pei kilogram 
daily A change from positive nitrogen balance 
to negatne nitrogen balance of the degiee cited 
previous!) would ceitamly not be anticipated if 
fat were appieciabl) utilized Studies reported 
pre\iousl\ 1 on the mtiavenous admimsti ation 
of a casein digest, carbohydrate and fat to another 
patient showed maintenance of the patient’s 
weight and of a positive nitrogen balance While 
this patient chd tolerate the infusions of fat veil, 
it would seem m the light of these later studies 
that utilization of the fat did not occur The 
case was reported as an example of the appaient 
innocuousness of intravenous injections of fat 
A neciopsy pei formed a yeai latei on the 
patient afforded no evidence of permanent seveie 
damage as a result of the infusions of fat 

COMMENT 

Evidence against the utilization of emulsified 
fat injected intravenously is the failure to observe 
alteration in the quality of depot fat (iodine and 
saponification numbers) following the injections 
and the failure to observe protein-sparing effects 
of intravenously injected fat in 9 of 11 dogs 
studied Evidence suggesting limited utilization 
w as afforded in some studies by the alteration of 
melting points m depot fats m the direction of the 
fat infused and the presence of nitrogen-sparing 
effects of infused fat m dog 500 (table 2) 
Infusion of fat as performed m these studies 
was not without danger since 9 of 24 dogs died 
as a result of the infusions It w ould seem likely 
that the cause of death w as primarily mechanical 
interference w ith function of the liver, lungs and 
kidne) s There appeared to be no means of 
predicting which animals would succumb to in- 
jections of fat and which would tolerate them 
The size of an animal was of no importance in 
this connection The surmmg dogs appeared 
to be m good health and to gam w eight Tissues 
taken when the) were killed, at \anous intenals 
later were normal or showed decreased amounts 
ot fat that had accumulated in sites prewously 
described 


Dogs suivivmg infusions of demal emulsions 
appeared to be as vigorous as those surviving 
infusions of lecithin emulsions, and 3 of the 4 
dogs gaming weight had been given demal einul 
sions Five dogs that died after receiving demal 
emulsions showed m the liver, lungs, kidneys 
and spleen lipid globules relatively much larger 
than those seen m the tissues of 4 dogs that 
died aftei receiving lecithin emulsions It is 
possible that demal emulsions apparently stable 
m vitio were less stable in vivo, perhaps as a 
lesult of their lelative instability m the presence 
of electiolytes The use of synthetic emulsifying 
agents might wel 1 be investigated further, since 
if a satisfactory one should be found it would 
have definite advantages over lecithin, i e 
knowm formula and greater ease m handling 

As stated pieviously, the advantages that 
w'ould be affoided bv successful intiaienous 
administration of fat in addition to carbohydrate 
and casein digests would be in the high caloric 
value pei unit volume and the administration of 
othei possible essential factors in nutrition (un- 
saturated fatty acids) Present methods for the 
piepaiation of emulsions for such injections 
may be inadequate Furthermore, little is known 
of the factors in the intestinal wall concerned 
with absorption of fat, and these factors are not 
operative when the fat is injected intravenously 

SUMMARY 

Control dogs on a diet of commercial dog food 
of low fat content, 4 to 6 per cent, exhibited 
changes m the characteristics (iodine and sapom 
fication numbers) of the depot fat Dogs recen 
mg the same diet plus intravenous infusions of 
emulsified fat of appreciably diffeient quality 
from dog fat did not exhibit sufficient difteiences 
from the control group m alteration of the iodine 
and saponification numbers to indicate appreci 
able physiologic storage of such infused fat 
Changes m melting points of the depot fats W 
some of the animals given infusions, how'ever, 
did suggest some stoiage of infused fat 

Protein-sparing effects were not demon 
strable by intravenous injection of highly emulsi 
fied fat (except in 1 of 5 dogs), but such effects 
did lesult when comparable amounts of an emul 
sion were administered by' mouth This further 
indicated lack, or extreme limitation, of utihza 
tion of intravenously administered fat 

Histologic examination of tissues taken after 
infusions of fat showed increased fat m the liver, 
m macrophages m the spleen, in tubular epi 
thehum of the kidney's and scattered sparsely' in 
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capillaries and macrophages in the lungs After 
administration of coarser or less stable emulsions 
there were large fat globules in sinuses in the 
liver, often m the Kupffer cells and in sinuses in 
the spleen, increased fat in the renal tubules and 
glomeruli and pulmonary capillaries loaded with 
fat The foreign fat diminished with the passage 
of time There was an increased amount of 
hemosidenn in macrophages mobilized in the 


regions of accumulation of foreign fat, especiall) 
in the spleen 

The infusions of fat produced severe secon- 
dary anemia in the dogs from which they re- 
covered after the infusions were discontinued 

The infusions of fat w'ere probably responsible 
for the deaths of 9 of 24 dogs, hence such in- 
fusions are not without appieciable danger The 
surviving dogs appeared to maintain good health 
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The earl) modern medical literature contains 
references to Osgood-Sclilattei disease undei 
one name or another (see, for instance, the 
review by Dunlop 1 ) However, to Osgood 2 
and to Schlatter 3 belongs the credit for crystal- 
lizing the piesent day understanding of the dis- 
order as a clinical entity In their original 
papers both published m 1903, Osgood and 
Schlatter defended the idea that the condition is 
a manifestation of minor trauma at the site of 
insertion of the patellar ligament into the tibia, 
m the region of its tubercle In addition, their 
papers contain considerable data on the anatomy 
and development of the structures involved The 
subsequent liteiature on the subject, while abun- 
dant. deals mainly with clinical considerations 
and w ith problems of treatment It largely lacks 
factual discussion of the pathologic anatomy of 
the condition 

Apparently, the disorder results from either 
functional abuse of or frank insult to the region 
in question at the time when its developing 
anatomic structure withstands most poorly the 
stress of its function Clearly the disease is not 
to be included among the fractures and avulsions 
of the tibial tubercle resulting from sevei e 
trauma In addition to describing the patho- 
logic picture on the basis of 23 pertinent speci- 
mens and drawing inferences from these speci- 
mens as to pathogenesis, I plan to survey (on 
the foundation of clinical cases from our hos- 
pital) certain more general facts relevant to the 
understanding of Osgood-Schlatter disease On 
the basis of these it will become clear that the 
original conception propounded by Osgood and 
b\ Schlatter, forty years ago, concerning the 
cause ot this disease is fundamentally sound 

The work reported here was done m the Laboratory 
Dnision ot the Hospital for Joint Diseases while the 
author held the Frauenthal Orthopedic Research Fellow- 
ship prior to his entrance into the Medical Corps, 
XUS 

1 Dunlop, J The \dolescent Tibial Tubercle, Am 
J Orthop Surg 9 313, 1912 

2 Osgood, R B Lesions of the Tibial Tubercle 
Occurring During Xdolescence, Boston M & S J 
14S 114, 1903 

3 Schlatter, C \ erletzungen des schnabelformigen 
Fort'-itzcs dcr obtren Tibiacpiphise, Beitr z him Chir 
3S S74 1903 


CLINICAL CONSIDERATIONS 

The clinical statistical considerations pre- 
sented here are based on 79 unselected cases 
from the records of the Hospital for Joint Dis- 
eases 4 The records are not complete in all 
these cases, but they still permit certain gen- 
eralizations about the clinical picture 
Table 1 groups these 79 cases by age of the 
subjects at the time of admission to the hospital 
or of registration in the outpatient department 
It also shows the age at tune of onset of the 
symptoms m 55 of these 79 cases, first for both 
sexes togethei and then for each sex separately 

Table 1 — Age of Registration or Admission in 79 
Cases and Age of Onset of Symptoms in 55 
Cases, Charted by Year of Age 
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Total 

T9 

53 

9 

46 

Specifically, 

table 1 

shows 

that the 

onset of 


the symptoms was most frequently m the age 
period of 11 to 13 years and that symptoms 
most commonly reached a seventy sufficient to 
make the patient seek medical care between the 
ages of 12 and 15 Furthermore, it seems clear 
tl at, as has also been found by many others, the 

4 These 79 cases are by no means all of the cases 
of Osgood-Schlatter disease m the files of the hospital 
Indeed, in 1935, C J Sutro and M M Pomeranz 
( Osgood-Schlatter’s Disease, Arch Surg 31 807 [Not ] 
1935) discussed the clinical and roentgenologic aspects of 
106 cases draw-n from the hospital files, and those were 
not all of the relevant cases even up to that time The 
two groups of cases overlap somewhat, but mam of the 
79 cases reported here date from after 1935 
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disease became manifest at an earlier age m the 
female than in the male patients, though the 
number of female patients forming the basis for 
this comparison is small As to sex, males were 
definitely m the majority, there were 66 boys 
and only 13 girls 

In these cases the disease showed no predilec- 
tion for one side of the body over the other 
Specifically, the right apophysial region was the 
site of the lesion in 27 cases and the left m 25, 
while in an additional 24 cases there were 
bilateral lesions (Three records failed to state 
which side was affected ) The group of cases 
previously reported from this hospital by Sutro 
and Pomeranz showed the same relatively even 
distribution These observations are in disagree- 
ment with the general previous trend of opinion 
(see, for instance, Schlatter), according to which 
the condition occurs much moie commonly on 
the right side than on the left 
The disoider usually appears m yvell devel- 
oped and active subjects, v r ho may give a history 
of injury, although many do not associate any 
such occurrence with the appearance of the dis- 
ease As the data show, the disordei may be 
bilateral, but is more commonly unilateral The 
severity, duration and degree of incapacitation 
vary widely from case to case In the majority 
of instances, the course of the disoi der is limited 
by the somewhat early closuie of the apophysial 
cartilage plate, although m a small number of 
cases, in which there is delay in apophysial 
closure, the symptoms (pam oi tenderness limi- 
tation of function, etc ) may persist well into 
the third decade 

Definite lelevant antecedent injury yvas le- 
ported in a considerable proportion of the cases, 
but the data on this point appear to be incom- 
plete The trauma usually consisted of either 
a fall oi a collision, but in not a single case had 
11 led to gross fracture of the tibia or of any 
other bone In the majorit) of cases pam was 
present on the application of hard local pressure, 
°r e\ cn w hen the patient w as at rest or engaged 
in extreme!) mild actn it) Also in a great num- 
ber of instances enlargement of the part was 
pdpable The histones sometimes recorded 
fluctuation of the swelling increased local heat 
and cyen effusion into the knee joint The dis- 
order was not found objectneh to ha\e affected 
the stability of the knee and m the few cases in 
"h'di there was limitation of motion this hnu- 
1 uion was minor 

hewcw ot the roentgenograms taken in our 
o^es showed in the first place, more or less 
turnntss of the border shadow of the tibnl 
tu icrcle Sometimes it also appeared that the 
tongue had been pried shghth upward its 


prominence being increased and the space 
Letw een it and the underlying tibia being abnor- 
mally wade Occasionally , what appeared to be 
a. shadow of a free bony fragment could be 
observed lying in the ligament above and m front 
of the tubercle In some instances, in which 
roentgenograms of serial sections yvere made after 
removal of the region en masse, the evidence of 
loss of local definition in the bone-cartilage or 
bone-ligament border shadows w r as even more 
dearly apparent In some of them the trans- 
lucent or transparent shadow' of a scat could be 
seen interposed between the bulk of the osseous 
apophysis and a small shadow' of a flake of bone, 
actually avulsed fonvard m the process of sepa- 
ration The general softness of the normal roent- 
gen shadow' of the growth zone (posterior sur- 
face of the apophysial plate) tended to obscure 
the changes when they occurred in that region 

The various routine clinical laboratory exami- 
nations yielded no pertinent information so far 
as the local lesion was concerned 

ANATOMIC CONSIDERATIONS 

Before consideration of the pathologic changes 
in cases of Osgood-Schlatter disease, a few 
orienting remarks on the anatomic features and 
development of this region seem appropriate 

The tibial tubercle develops from a tongue of 
cartilage growing (at some time m early child- 
hood) from the upper tibial epiphysis over the 
anterior face of the tibial metaphysis In this 
cartilaginous tongue an ossification center de- 
velops, which is usually single, though it may 
be multiple and otheryyise irregular The ages 
uted for the appearance of the ossification cen- 
ter for the tubercle range between 8 and 15 
y ears, but, probably, no such range exists m fact 
Indeed, it seems that in most instances the 
ossification center appears at just about 11 years 
Union of the apophysis vuth the epiphysis occurs 
a feyy months after the appearance of the apo- 
ph)Sial ossification center By about the four- 
teenth year of life, the apophysis presents itself 
roentgenograplncally as a sort of beak or tongue 
Fusion of the beak yyith the shaft of the tibia 
frequently lags behind union of the remainder of 
the upper epipln sial complex of the tibia v> lth the 
shaft In the majorite of instances, the beak 
unites yuth the shaft at the age of IS years It 
may unite someyyhat before that age, but nor- 
mally the union is rarely elelaeed bc\ond the age 
ot 19 

During the formatne stage and before fusion 
v ith the shatt of the tibia the tibial apoplns’s 
is separated from the tibial shaft b\ an ■’po- 
plosial cartilage plate At the anterior end of 
tins plate the patellar ligament is imagmatcd 
between the '>pophysial beak and ihe tib’ - ’ id- a 
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millimeter or tw o The attachment of the liga- 
ment to the apophysis is characterized by invest- 
ment of the bone by heavy ligamentous col- 
lagenous fibers, which interlock with those of 
the bony matrix of the pait (Occasionally 
one finds calcification of the ligamentous fibers 
at the bony junction without formation of new' 
bone ) 

The attachment of the patellai retinacula to 
the oblique ridges of the tibia, which curve 
upward and backward on eithei side, extending 
from the tubercle to the condvles, was desciibed 
by Terry 5 & as follow's The lateral and medial 
patellar letmacula haie cential portions attached 
to the patella and arising from the 1 ectus tendon 
These pass ovei into the patellar ligament The 
two thinner, less axial portions attach to the 
tibia along the oblique ridges as far fiom the 
midhne as the site of attachment of the medial 
and lateral collateral ligaments The patellar 
ligament, a continuation of the cential pait of 
the quadriceps tendon below the patella, is 
attached to the tibial tubercle and the upper pait 
of the tibial crest in a somewhat oblique fashion, 
as the attachment is longer on the lateral side 
Medially and laterally, from the sagittal plane of 
the tibia on either side, this ligament is con- 
tinuous with the retinacula 

It is important to note that the collateial 
attachments of the patellai complex are able to 
preserve the greater pai t of the extension pow'ei 
of the knee, even though the attachment of the 
patellar ligament to the tibial tubercle has been 
invalidated Indeed m the event of complete 
separation m that legion, upward displacement 
of the patellar insertion or of an} avulsed fiag- 
ments of bone is shaiply limited Osgood demon- 
strated the efficiency of the patellar collaterals 
and stated that the separation of the tibial tuber- 
cle fragment from the tibia m the cadaver, in 
which transection had been undertaken, was only 
34 !nc h (0 6 cm ) and that extension at the 
knee was not impaired 

PATHOLOGIC CHANGES 

This part of the study is based, as noted, on 
examination of 23 adequate specimens 0 taken 
from 20 subjects From the notes dictated at 
the time of operation in these cases, I gathered 
that m general the area of the tibial tubercle 
appeared injected and there w as increased vascu- 

5 Tern, in Morris, H Human Anatonn, edited 
b\ C M Jackson, ed 9, Philadelphia, P Blakiston’s Son 

& Co 1933, p 352 

6 Of these, 16 (from 14 subjects) came from the 
clinical series of 79 cases from the Hospital for Joint 
Diseases The other 7 (irotn 6 subjects) came from the 
collection oi pathologic material presen ed b\ the late 
\ lenncic pathologist Jacob Crdheim and now housed 
m the laboraton ot this hospital 


iarity of the ovei lying soft tissues Furthermore, 
m some cases, there was increased mobility of 
the tubeicle, since when the latter was firmly 
gi asped, the tongue could be forcibly moved from 
side to side There w as never any evidence of 
true fiagmentation of the tubercle Occasionally 
a focus of mti ahgamentous ossification was 
found 

To some extent on the basis of gross exami- 
nation, but mainly on the basis of microscopic 
study , it is evident that the fundamental patho 
logic change m Osgood-Schlatter disease is 
separation of tw o or more structures comprising 
the tibial tubeicle complex, with the interposi- 
tion of scar tissue between them This altera- 
tion may be found on any one or more of the 
mtei faces formed between the patellar ligament, 
apophysis, apophysial cartilage plate and tibial 
metapliysis In none of the specimens was there 
any evidence that a local disease process ante- 
dated the sepai ation At the site or sites of 
separation I characteristically observed scar tis- 
sue oi even callus In addition, I occasionally 
noted the presence of one or more small frag- 
ments of bone in the ligament in the genera! 
mcinity of its attachment 
In 13 of the 23 specimens, the scar-callus was 
seen between the patellar ligament and the 
apophysis — that is, on the anterior face of the 
tibial tubeicle (fig 1 A and B) In 3 others it 
was present on the postenoi surface of the apo 
physial cartilage plate (fig 1 C) In 4 others 
it w'as m the zone of giowth, at the junction 
between the columns of prolifeiating cartilage 
and the newly formed endochondral bone on 
the posterior side of the apophysial plate In 
each of the lemaimng 3 specimens a double 
lesion w'as piesent In 2 of these sepai ation had 
occiit red m i elation to both the anterioi and the 
posterior surface of the apophysis — that is, at the 
apophysial-ligamentous surface on the one hand 
and at the apophysis-apophysial caitilage surface 
on the other (fig 2 A) In 1 of these 3 speci 
mens both the anterioi apophysial suiface and 
the growth zone w'ere involved and a fracture 
had occui red between the tip and the rest of 
the beak of the apophysis, the fragments being 
sepai ated by a pseudaithiosis (fig 2 B) I ft 
another of them theie had apparently been an 
incomplete fracture neai the very tip of the 
apophysis, at which site a small cystic area, result 
mg apparently from liquefaction of organizing 
hemorrhage, was seen (fig 2 C) 

As specimen after specimen w as examined, 
evidence accumulated that early in the evolution 
cf the pathologic picture organization of hemor- 
rhage had occurred This hemorrhage had 
apparently been released when the interfaces 
between the bone and ligament or the bone and 
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Tig 1 — Scars of separation at \arious interfaces 1 photomicrograph (X 10) showing a s Car ( s ) on tlic 
interior face of the apoplnsis (n) , note also a small lragmcnt of bone (./>) which has been carried lore ard 
"ith the ligament (/) The scar shows moderate e ascularite and fibrous organization and tie appcarai ce 
of the repair tissue also suggests that this tissue did not dee clop m consequence oi •> single trim a B 
roentgenogram of a sectioned gross specimen the piece King beteecen the arroees repre'e its the slice »r< i 
"Inch the section shown in 1 eeas prepared C photomicrograph (X25) demoii'tr itmg he cr’diti i c m 
another cast, ui which the scar (O lies in the internee between the apoplns^ f ( i) and tie apopn'id 't 3lt f/) 

1 he scar also extends through the plate itselt <f> \ ire h 'Cparatio i has ccei-rcd ( c»\ ten J s C .r r' 

the piate (t) D photomicrograph (X-'l showing i scar ( O at tie -ro\ th zone < t ! p *e- - « c id 
" the apoplnsnl cartilage plate t />’> "sparse coh n ii' m cartilage cells (it rd’c .e a '1, '-.t f - > \-tn 

bine 1 he nietaphv sial tiaheeulae (M are duel \ i'i v h tear ( *) vnhcjtlem ac i ( * 1, > 1 4 '■ 
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cartilage had been disrupted Indeed, in some 
specimens free hemorrhage and hemosiderin pig- 
ment were still seen in the organizing reactive 
connective tissue In most of the specimens, 
however, at the time of examination, the organi- 
zation of the hemorrhage was already further 
advanced and the tissue representing the scai- 
callus was more or less mature connective tissue 
cf moderate cellularity and moderate to extreme 
vascularity (fig 3 A) 

Along the line of contact between the scar and 
the bone, some osteoblasts, along with osteo- 
clasts in Howslnp’s lacunas, were observed In 
many instances, fragments of necrotic bone 
undergoing resorption were seen in the connec- 
tive tissue scar In other specimens, trabeculae 
of new bone were being formed in the scar- 
callus, after the manner of fiber-callus (fig 3 B 
and C) When avulsion, particularly of the 
patellar ligament, carried a fragment of bone 
forward with it, that bone became necrotic and 
then underwent replacement by creeping substi- 
tution Wheievei the laceration was revealed 
by even a minor fracture through the bone, the 
osseous tissue bordering on the area was ob- 
served to be partly or completely necrotic and 
also undergoing creeping substitution In the 
specimen presenting pseudarthrosis, an ordinary 
pseudarthral space had formed between con- 
densations of the scar, which completely sur- 
rounded and lined this space In miniature, the 
picture corresponded to that typical of nonunion 
"ith pseudarthrosis in larger bony stiuctures 
Furtheimoie, the apophysis showed fibrosis, and 
m some places scarring, of its mariow Occa- 
sionally, a sparse intermingling of lymphocytes 
i'as to be seen, but there -was no evidence of 
'Pecific or nonspecific inflammation 
Adequate control material was examined The 
material consisted of areas from normal, rachitic, 
tuberculous and osteomalacic tibial tubercles 
hi addition, control material from cases of 
Berthe’s disease of the femoral capital epiphysis 
nid from otliei instances of so-called osteo- 
chondritis (epiphysial aseptic necrosis) was 
examined It should be emphasized that m 
none of the cases of Osgood-Schlatter disease 
"as there am thing m the anatomic picture to 
indicate tint that disorder belongs with the 
so exiled ostcochondritides or can be related 
pathogencticalh with am specific or nonspecific 
mflaninnton condition 

COMMENT 

h one sunc\s the descriptions of the patlio- 
linag es ‘ gn en in the literature on Osgood- 

, ' nnrdi T Contribute alio studio della malattn 
Schlatter Cinr d org di mowmsnto 12 
° 1‘Cs \sada, T, and Kato, S 7ur \etio!ogie 


Schlatter disease, one finds that, though the 
alterations have been variously interpreted, the 
findings themselves, as reported in these descrip- 
tions, are consistent with interpretation of the 
condition as a repair reaction to trauma 

The explanation of the special age of appear- 
ance of the lesion is related to the ontogenesis 
and the anatomic peculiarities of the tibial 
apophysis Specifically, ossification in the carti- 
laginous precursor of this apophysis sets in at 
about 11 years, temporarily diminishing the re- 
siliency of the area’s response to functional 
demands, which happen to be paiticularly great 
in this period After ossification of the apophy - 
sis is complete (at about 14 y-ears), and especially 
after the apophysis has fused with the shaft of 
the tibia (at about 18 years), the region is more 
resistant to functional and traumatic stress 
Correspondingly, in a large number of clinically 
and roentgenographically verified cases there are 
only minor lesions of brief duration On the 
other hand, a considerable number of lesions per- 
sist and remain active even beyond the normal 
age of fusion of the apophysis until the tibia 
It has been held, for instance by Brandes, 8 that 
the persistence of the disorder during early adult- 
hood is related to delay in fusion ot the apophy- 
sis with the tibia m subjects in whom the condi- 
tion was already present during adolescence 

der sogenannten Schlatterschcn Kranhheit, Ztschr f 
orthop Clur 48 191, 1927 von Brandis, H J Zur 
Frage der Schlatterschen Krankheit, Ztschr f orthop 
Chir 48 239, 1927 Cole, J P Study of Osgood- 
Schlatter’s Disease, Surg, Gjnec &. Obst 65 55, 1937 
Giuliani, G Malattie scheletriche della crescenza 
(Morbo del 2° metatarseo di Kohler Morbo di Os 
good-Schlatter), Clur d org di mowmento 17 105, 
1932 Harbin, M, in Ghormlej, R K Orthopedic 
Surgery, New York, Tlios Nelson & Sons, 1938, p 248 
Hermeto, S , Jr A affeccao de Osgood-Schlatter como 
anomalia de ossificacao da tuberosidade anterior da 
tibia, Rea Assoc pauhsta de med 6 61, 1935 Horbst, 
L Mikroskopische Befunde bei der sogenannten Schlat- 
ter-Osgoodschen Erkrankung (apophasitis tibiae) und 
bei Osteochondritis des Mondbeines, Arch f orthop u 
Unfall-Chir S3 229, 1933 King, E S J Localized 
Rarefjing Conditions of Bone, Baltimore, \\ lihani 
Wood & Compam, 1935, pp 88, 90 and 189-203 
Mcllhcnna, P A. Aaulsion of the Tibnl Tubercle 
(Osgood-Schlatter’s Disease), New Orleans M &. S J 
88 636, 1936 Quintero Tossas, J M Dos casos de 
enfermedad de Osgood-Schlatter, Ke\ med cubana 45 
396, 1934 Sandberg, M , and Marin Moreno, X 
Apofisitis tibial anterior o enlcrmedad de O'gond- 
Schlatter, Scmana med 2 1917, 1932 Stracker, O 
Zur Histologic der Schlatterschen Erkrankung Zt c chr 
i orthop Clur 5S 242 1932 Walter H Die 
Entstchung der lokalen Mahcien (O'teochondri'is dis- 
secans, Perthes- Kohler-, Schlattcrscne Krai He t uad 
anderc aere arate Prozes'e), Arch I orthop u Unrdl- 
Clur 25 557, 1027 

S Brandes M Der ScnDnc-c ’e Swipo-e'- 
komplex beim Erwac ist"tr> Mime's ** ed W ci i c' 1 - 
74 1S30 3°27 
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A word should be said about fractures of the 
tibial tubercle in comparison with Osgood- 
Schlatter disease Direct trauma and the mdi- 
lect trauma of sudden, massive muscular con- 
traction against unusual resistance do cause the 
tearing out of the attachment of the patellar 
ligament along with more or less of the under- 
hung tubercle, with damage to the collateral 
structures In some cases a part of the tibial 
plateau in the adult, or of the superior tibial 
epiphysis in younger subjects, may be torn along 
The condition of fracture has been discussed in 
the early literature, and many of the original 
descriptions are included m a review by Gaudier 
and Bouret 9 in 1905 This lesion is massive 
and is not limited to the adolescent period or 
by the state or existence of the apophysial plate 
The differentiation of this condition from 
Osgood-Schlatter disease, in spite of its many 
gross similarities, was well understood by 
Osgood and by Schlatter 

Trauma is the causative factor most fiequently 
mentioned m connection with Osgood-Schlatter 
disease However, a large body of the literature, 
while lecogmzing the important role of trauma 
in the immediate causation of the disoider, de- 
fends the idea that the trauma acts on a tibial 
tubercle area which is constitutionally inferior 
oi is already otherwise diseased I am among 
those who reject the idea of these predisposing 
influences in this disorder and inculpate trauma 
alone 

The pathogenesis of Osgood-Schlatter disease 
on the basis of trauma alone can best be eluci- 
dated by consideration of the mechanical factors 
involved The structure of the region of the 
tibial tubercle is laminated The patellar liga- 
ment overlies the apophysis, which in turn is in 
contact with the apophysial plate, which finally, 
through the intermediation of its growth zone, is 
m contact w ith the tibial metaphysis The bonds 
between the single elements in any such struc- 
ture constitute weak points Separation can 
occur cleanly at any interface between lannnas, 
but if, locally , the bond is stronger than the sub- 
stance of one of the lammas, fragments of a 
lamina may be carried away on separation This 

9 Gaudier, and Bouret, AO De l’arrachement 
de h tuberosite -mtcricure du tibia, Ret de clur 32 
303, 1905 


mechanism offers a background for the tearing 
off of flakes of bone in the specimens in which 
fragments of free aseptically necrotic bone were 
seen, usually m the patellar ligament 

In addition, the attachment of the patellar 
ligament at its insertion is mechanically made 
quate The principal point of application of 
force, although w'ell supported by less taut col 
lateral structures, is extremely small, while the 
muscle acting, the quadriceps, is the largest in 
the body (Cole 7 ) The pull of the muscle is 
ahvays in an upward direction, m the plane of 
the anterior tibial crest This direction per- 
sists, in its relation to the tibia, for any angle 
of flexion at the knee This is so because the 
patellar insertion is located well below the axis 
of the hmgehke motion of the knee joint and 
because the infrapatellar fat pad acts as a block 
to prevent the ligament from imposing directly 
on the tibial epiphysis wdien the quadriceps acts 
on the flexed knee Furthermore, this line of 
force runs against the gram established by the 
planes of lamination of the tibial tubercle com- 
plex 

It is a familiar fact that wdien heavy or 
adherent objects are pulled along a board floor m 
the direction of the gram of the boards, splinters, 
which are the result of fractures of w T ood fibers, 
are more likely to be raised than wdien the stress 
is applied across the grain of the w-ood Under 
the force of the quadnceps muscle there is a 
similar tendency for the tibial tubercle to be 
pried upward The part is vulneiable to such 
plying action by virtue of the direction of the 
gram, as determined by the anteroinferior pro 
jection of the tibial tubercle and the similar 
clnection of the planes of the interfaces involved 
in the tubercle complex However, since retro 
apophysial sepai ations, such as would occur with 
elevation of the tubercle, are in the minority, this 
can be only one of the factors at work 

In view of the occurrence of the majority ot 
separations at the anterior face of the apophysis, 
it may be suggested that the placement of all of 
the interfaces which may be involved (particu 
larly that of the ligamentous-apophysial face) i n 
planes very nearly parallel to the plane of the 
pull of the muscle favors a slipping of the parts 
and a beginning separation In addition, the 
disparity between the size of the attachment and 
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the force applied through it presents a constant 
danger of disruption 

TREATMENT 

The spontaneous healing that occurs in many 
cases after inadequate immobilization, or even no 
immobilization at all, indicates that many small 
lesions must heal without any support to the 
natural processes of repair Nevertheless, it ap- 
pears to me that, in general, the condition should 
be tieated as solutions of continuity with little 
displacement are treated elsewhere m the skeletal 
system — that is, by early immobilization Failure 
of this measure justifiably leads the surgeon to 
the use of methods indicated in cases of nonunion 
of true fractures, such as excision of useless frag- 
ments, freshening of apposing surfaces, reposition 
of displaced stiuctures and renewed immobili- 
zation Needling of the apophysial plate to speed 
its destruction and closure will not attack the 
more frequent site of involvement, the anterior 
face of the tubercle Drilling, on the assumption 
that the disorder represents an osteochondritis, 
is unwari anted as a rule, and its use as a method 
of favoring new channels for vascularization and 
healing of a site of old nonunion is under contest 
at this time In general, the impossibility of 
gaging the actual extent of the pathologic changes 
from the clinical picture in many cases clouds 
the evaluation of methods of treatment, because 
of the inclusion m the statistics on treatment of 
cases in which the lesions might have been 


healing and might m time have subsided spon- 
taneously 

CONCLUSIONS 

This study of Osgood-Schlatter disease leads 
me to the conclusion that the disorder develops 
on the basis of a minor separation of structures, 
one from another, in the complex comprising the 
tibial tubercle and patellar ligament and that the 
characteristic pathologic changes represent scar- 
callus repair at the site or sites of separation 
The separation may be a clean one or may entail 
the inclusion of bone fragments in a softer part, 
as it is torn free Any interface or combination 
of interfaces m the complex can be affected, but 
the majority of separations occur at the ligament- 
apophysis face, the anterior apophysial surface 
Occasionally, a fracture of the very tip of the 
tubercle is also found, with healing or with the 
formation of a pseudarthrosis, in association with 
the processes of repair of the disruptions at the 
interfaces 

Inflammation (specific or nonspecific), osteo- 
chondntis, and endocrine, vascular or other spe- 
cific changes are not in evidence There seems 
to be no factor predisposing toward the condition 
other than the normal weakness of the part and 
its relative inadequacy to the exigencies of func- 
tion and poor resistance to trauma at the time of 
life (usually puberty) when the disorder appears 
The immediate instigating factor is consistent!! 
trauma 

Hospital fot Joint Diseases 



INTERSTITIAL CELL TUMORS OF THE TESTIS 

REPORT OF THREE NEW CASES 
EARL F RATION, MD 

PASADENA 

AND 

HUGH A EDMONDSON, MD, and ROY W HAMMACK, MD 

LOS ANGELES 


The interstitial cells of the testicle, which were 
first described by Leydig 1 in 1850, may rarely 
give rise to tumors, some of which are accom- 
panied with endocrine changes These cells 
have been regarded generally as the primary 
source of androgen The study of such tumors 
is of interest, therefore, and may contribute to 
the knowledge of the normal endocrine physiology 
of the testis 

This paper is concerned primarily with a re- 
view of the hormonal manifestations described 
m the previously reported cases of intei stitial 
cell tumor and a report of 3 new cases, in which 
the patients were adults, one of whom had 
gynecomastia In addition, we have elaborated 
certain criteria for the recognition of these 
tumors 

LITERATURE 

Several comprehensive reviews of the literature 
of interstitial cell neoplasia have been published 
recently, notably by Jemenn, 2 Fialho 3 and Wai- 
ren and Olshausen 4 However, these writers and 
others have disagreed concerning the genuineness 
of various reported cases, and each of them has 
failed to note some cases about which there can 
he little doubt The reports of interstitial cell 
tumors which the majority of reviewers have 
considered authentic are listed in tables 1 and 2 
The former includes those instances in which 
there were no associated endocrine changes, 
while the latter presents all cases in which the 
patients had such manifestations 

From the St Luke Hospital, Pasadena, the Depart- 
ment of Urology and the Laboratory of the Los Angeles 
County General Hospital and the Department of 
Pathology of the School of Medicine of the University 
°f Southern California 

1 Lc\ dig, F Zur Anatomie der mannlicher Gesch- 
eehtsorgane und Analdrusen der Saugertiere, Ztschr f 
wisscnsch Zool 2 1 , 1850 

.. ^ Jemenn, E E Hyperplasia and Neoplasia of 
or- ,' ltcr stitial Cells of the Testicle, Arch Surg 35 
96 ' (No\ ) 1937 

, 3 Fnlho, A Sobre un caso de tumor de celulas 
Re ' brasl1 de Clr 10 53 - 1941 
r u arren , S, and Olshausen, K W Interstitial 
19-13 Gro " th of the Testicle, Am J Path 19 307, 


In addition to the tabulated cases of inter- 
stitial cell tumor, 7 others have been reported, 
but in each instance either there are insufficient 
data for definite classification or the original 
report is not available 5 Several other authors 
who have leported testicular tumors believed to 
be of interstitial cell origin are now thought to 
have been mistaken G In none of these doubt- 


Table 1 — Repoils of Patients with Intel stitial Cell 
Tinnois with No Associated Endocrine 
Disturbances 



Tear 

Age of 

Benign 


of 

Patient, 

or 

Author 

Report 

Yr 

Malignant 

Cbevassu Thesis, Pans, no 193, 190G 

1906 

27 

Benign 

Kaufmann Verhandl d deutsch 
path Gesellsch IX 237, 1907 

1907 

30 

Benign 

Kaufmann Deutsche med Wchnschr 
34 : 803, 1908 

Masson and Sencert 8 

1908 

34 

Benign 

1923 

62 

Malignant 

de Jossehn de Jong 31 

1926 

42 

Malignant 

Pana Urol & Cutan Rev 33 561, 
1931 

1931 

16 

Benign 

Rigoletti Arch per le sc med Cl 
557, 1936 

1936 

20 

Benign 

Jemerin - 

1937 

35 

Benign 

Braun Virchows Arch f path Anat 
304-106, 1939 

1939 

45 

Benign 

Fialho 3 

1941 

44 

Benign 

Masson 5 Venning 10 

1942 

32 

Malignant 

Warren and Olshausen 4 

1943 

30 

Benign 

Bonser and Hawhsley, 7 case 1 

1943 

49 

Benign 

Bonser and Hawhsley," case 2 

1943 

31 

Benign 

Sharnoff and Lisa 13 

1943 

67 

Malignant 

Nation, Edmondson and Hammack 
case 1 

1944 

34 

Benign 

Nation, Edmondson and Hammack 
case 3 

1944 

82 

Malignant 


5 Peppere Ghiandole a secrezione interna, in Foa, 

P Trattato di anatomia patologica, Turin, Union 
tipografico-editnce tonnese, 1922, iol 8 , p 266 Slanina, 
P Vzachny nador \ arlette slozeny z bunek mter- 
stitialnich, Casop lek. cesh 69 935, 1930 Cicen, C 
Tumors of the Testicle, abstracted, Urol & Cutan Ret 
37 648, 1933 Pitrolffj -Szabo, B Die bosartigen 
Hodengesclnvulste, Ztschr f Urol 31 823, 1937 

Dehtala, cited by Fialho 3 Schaam, cited bj Fialho 3 
Ogata and Kaneko, cited bj Fialho 3 

6 Waldejer, W Die Entu ichelung der Carcmome, 
Virchows Arch f path Anat 55 67, 1872 Hansemann 
D Ueber die sogenanten Zwischcnzellen des Hodens 
uncf deren Bedeutung bei pathofogischen Verander- 
ungen, ibid 142 538, 1S95 Durck, H Ueber die 
Zw ischenzellenhvperplasie des Hodens, Verhandl d 

(Footno*c cot ttnucd on i cx* pane) 
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ful or unacceptable cases chd the patient have 
any reported hormonal changes 

As will be seen in table 1, the youngest patient 
not having hormonal disturbances was 16 years 
of age (this tumor was found incidentally, at 
autopsy) and the oldest was 82 Ten of these 
16 adult patients (63 per cent) were between 
30 and 45 years of age Five (19 per cent) of 
the tumois were definitely malignant Bonser 
and Hawksley 7 reported 2 tumors which they 
considered malignant, however, we believe that 
they should be classed with the benign tumors 
Metastases appeared m the patient described by 
Masson and Sencert 8 after four yeai s and m the 


m an undescended testis of an internally mas 
cuhne pseudohermaphrodite Some doubt has 
been expressed about the true nature of this 
tumor because of the extensive necrosis present 
No metastases from the testicular tumor were 
found m the patient described by Sharnoff and 
Lisa 12 The fifth malignant tumor is reported 
in our case 3 

Of the patients who had endocrine disturbances 
(table 2), the oldest was 42 and the youngest 
5 yeais of age All of the tumors in these 
patients were benign The only endocrine 
change developing aftei puberty was gyne- 
comastia which occurred in 3 patients 


T able 2 — Repot ts of Patients •with Intel sfitia! Cell Tumors and Endocrine Disturbances 


Tumor 

r — % 

lear -\geof Benign Dura 


Author 

of Patient, or Ma 
Report Er hgnant 

tion, 

lr 

Endocrine Disturbances 

Effect of Orchid etomy 

Saccbi Rn sper di irtniat -1 149 
1S95 

1S95 

9 

Benign 

4 

Puberty at the age of 5 % years 

All changes regressed escept 

Monaschhm Ztschr f Urol 20 8, 
1920 

1926 

30 

Benign 

8 

hair on body and face, and 
erotic manifestations 

Bilateral gynecomastia, and 
atrophy of the unmrolyed 
testis 

Precocious bodily wnl sexual 

hair on hp and skeletal and 
muscular development 

Right orchidectomy and ma' 

Rowlands and Nicholson Guy s 
Hosp Rep 70 401, 1920 

1929 

9 

Benign 

3 

tectomy followed by regression 
of left breast and enlarge 
ment of testis 

No regression 

Stewart, Bell and Roe!) Ike Am J 
Cancer 20 144, 1936 

1936 

5 

Benign 

1 

dcrelopment 

Precocious growth of genitalia 

All clinngos regressed 

Biidd -\m J Path 13 660, 1037 

1937 

42 

Benign 

% 

and pubic hair 

Bilateral gynecomastia 

Regression 

Hunt and Budd J Urol 42 1242 
1939 

Soracrford 11 

1939 

1041 

n 

Benign 

0 

Macrogenitosomia 

No regression after IS months 

Huffman J Drol 45 692, 1941 

1941 

6 

Benign 

2 

Grow tb of genitalia breasts 

Genitalia smaller, no regression 

Werner and others J Clin Endo 
cnnol 2 a>7 1942 

1942 

6 

Benign 

1 

and pubic hair 

Precocious sexual, bodily and 

of pubic hair or breasts 

Beginning regression 3^4 months 

Nation, Edmondson and Hammaek 
ea«c 2 

1944 

30 

Benign 

o 

skeletal development 

Bilateral gynecomastia 

after orchidectomy 

No regression after 3 years 


patient described by Masson 0 and Venning 10 
after nine \ ears The malignant interstitial cell 
tumor reported b) de Jossehn de Jong 11 occurred 

deutsch path Gesellsch 11 130, 1907 Stoppato, U 
Ucber Zu ischenzellentumoren des Hodens, Beitr z 
path A.nat u z ill g Path 50 113, 1911 Villata, G 
Di un Uimorc del testicolo dt grandi cellule votonde e 
di tessuto mterstiziale Arch per le sc med 52 28 
192S 

7 Bonser, G V and Hauhsle-i, L M Two Cases 
oi Interstitial-Cell Tumour of the Human Testis, J 
Path 8. Bact 55 2<>5 t 1943 

8 Masson P and Scncert, L Cancer des cellules 
mterstitielles Bull As'-oc tranr p 1’etude du cancer 
12 555, 1°23 

0 Masson P Tumeur mahgne des cellules de 
1 c\ diq Ret canad de biol 1 570, 1942 

10 Vemmp E H £.tude hormonale sur un cas de 
' nu!r mtersmxlle du tc-ticule Rey canad dc bml 


Each of the 6 tumors occurring 111 children 
was first noticed or manifested during the fourth 
or fifth yeai of life All of the latter patients 
had piecociotis bodily and sexual development 
After orchidectomy was performed the changes 
legressed entirely in 2 patients, partially in 2 
others and not at all m the remaining 2 There 
was regression of gynecomastia m 2 of the adults 
and no regiession in 1 There seemed to be no 
correlation between the duration of the tumor and 
the regression of the hormonal changes 

11 dc Tossehn de Jong, R Em Fall von Zvuschen 
zellengeschu ulst in einen ektopischen Hoden bei Pseudo 
hermaphroditismus masculinus mternus, Frankfurt 
Ztschr f Path 34 420, 1926 

12 Sharnoff J G and Lisa, J R Malignant 
T umor of the Interstitial Cells of the Testis with 
Prostatic Carcinoma, J Urol 50 47 1, 1943 
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Gross Appearance of Specimens— Specimen A con- 
sisted of a fairly well circumscribed mass of tumor, 
1 8 to 2 cm in its greatest diameter The external 
surface was slightly nodular, and there appeared to 
be a fairly definite capsule around the tumor The 
cut surface was light brown to yellow-brown, and thin 
fibrous connective tissue septums were seen throughout 
The brown tissue between the septums was rather 
soft 



Fig 3 (case 2) — Nodular tumor of testis with fibrous 
capsule (Size indicated by the metric scale ) 

Specimen B consisted of the testicle, the epididymis 
and a segment of the vas deferens The testis measured 
5 5 by 3 5 by 2 cm The surgical incision from which 
specimen A was taken appeared m the tunica albu- 
ginea Evidence of a small amount of hemorrhage 
was present around this incision, but no remnants of 
tumor were seen No pathologic changes were seen 
in the epididymis, vas deferens or vessels 

Microscopic Appearance — Sections of the tumor 
stained with hematoxylin and eosm disclosed it to be 
composed of round to irregular groups of cells 
resembling interstitial cells, separated by strands of 
relatively acellular and partially hyahmzed connective 
tissue, m which there were a moderate number of 
blood vessels (fig 1) Some of these groups of tumor 
cells were of considerable size, and into these large 
groups a fine network of stroma extended The mter- 
stitial-hke cells varied to some degree in appearance, 
the nuclei were oval to round and moderately hyper- 
chromatic and contained one or more nucleoli As m 
normal interstitial cells, many of the nucleoli were 
eccentric (fig 2 A) 13 Many of the nucleoli were 
multiple and small and probably are best described as 
having a punctate appearance Mitotic figures were 
rare (fig 2 B) The cytoplasm of the cells was 
filled with fine, pmk-staming granules, variable m 
number In the cells of the older and more central 
portions of the tumor these granules were tightly 
packed, while in the cells of the peripheral portions 
thev were fewer m number and the cytoplasm had a 
looser texture Onlv an occasional cell contained 


13 This icature was pointed out to us bv Dr Newton 
Evans, Cluei Pathologist of the Los Migeles Countv 
General Hospital 


hpochrome No Reinke crystals were seen In some 
areas the cell borders were indistinguishable, while 
in other areas they were sharp and clearcut Between 
some of the cells there were large vacuolar spaces 
which probably represented both areas of intercellular 
edema and areas from which the fat had been dissolved 
in preparation In the connective tissue stroma there 
were small groups of tumor cells completely surrounded 
by connective tissue, even solitary cells remained m 
some areas Attached to the capsule of the tumor were 
small portions of seminiferous tubules Among the 
tubules were interstitial cells of Ley dig, which closely 
resembled the cells of the tumor, except that their nuclei 
were not quite as large and prominent 

In a section stained with scarlet red many fine droplets 
of fat were visible m the cytoplasm of the tumor cells 

Multiple sections of the testis disclosed a few areas 
of hemorrhage around the site of the tumor but no 
evidence of extension of the tumor The seminiferous 
tubules were uniformly atrophied, and no mature sper- 
matozoa were seen Most of the tubules were lined with 
epithelium averaging two cell layers in thickness The 
interstitial cells of Leydig were normal m appearance, 
but their number was less than average 

Case 2 — O M , a 30 year old Caucasian, was first 
seen by the Mojave Clinic group, Kingman, Ariz, 
early m 1940 (The tissue was examined by R W H ) 
The patient complained of enlargement of his breasts and 
a testicular tumor His right breast had begun to 
hypertrophy two and one-half years previously, the 
left testis one and one-half years before he consulted 
a physician and the left breast one year before he 
presented himself The swollen testis had been painful 
for over one month 

The patient was well developed and well nourished 
The breasts were several times normal size, having a 
definitely feminine appearance The right breast was 
larger than the left The left testis contained, in the 



' i . 


Fig 4 (case 3) — Testis with entire parenchyma re 
placed by nodular tumor (Size indicated by the metric 
scale ) 

lower pole, a firm, nodular tumor, approximately 2 
cm in diameter Physical examination revealed n° 
other abnormalities, and roentgenograms contained no 
indications of metastases Orchidectomy was performed 
on the left side 

Two and one-half years after the removal of the 
tumor the patient was well and had gained 30 pounds 
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(13 6 Kg) There was no evidence of metastases The 
breasts were still enlarged 

Gross Appearance of Specimen — The testis had a 
maximum diameter of 3 cm It contained a nodular 
tumor, 2 cm in diameter, surrounded by a fibrous 
capsule, sharply separating it from the remainder of 
the testicle (fig 3) The tumor was firm It was gray- 
yellow with a few red areas scattered through its 
substance 

Microscopic Appearance — The histologic appearance 
of the tumor was almost identical with that described 
in the report of case 1 

Case 3 — S P , an 82 year old Caucasian laborer, 
entered the urologic outpatient department of the Los 


including roentgenograms, contributed no significant 
information 

On Oct 11, 1936, with the patient under spinal 
anesthesia, orchidectomy on the left side was performed 
(E F N ) Convalescence was uneventful A Friedman 
test performed with urine collected two weeks after or- 
chidectomy gave a negative result The patient did not 
report for roentgen therapy He was returned to 
another department of the hospital for examination 
a year later by his wife because she believed him to be 
psychopathic He had threatened her life and broken 
into her room several times The examining physician 
could find no evidence of insanity He did not perform 
a complete physical examination 

The patient was then placed in a rest home under 
the care of a private physician Ascites developed, 



Fig 5 (case 3) — Area of anaplastic carcinoma showing many mitotic cells (x 450) 


ngclcs Count} General Hospital Oct 5, 1936, cont- 
aining of a painless swelling of the left testis of tw'o 
s duration The past history was normal, except 
? r ^Phoid fever many years before and an injury of 
teo n ^ lt tCn jears before No mention of the 
cs " a s made at ph> sical examination in the medical 
" patient department one and one-half years earlier 
" sical examination revealed that the left testis 
, S C1 '' lr ged to two and one-half to three times the 
enT'a S1ZC| somc "hat nodular and slightly tender The 
1 i mils could not be isolated from the swelling 
* e was normal to palpation Tlie follow - 

^ a itional abnormalities were found evidence of 
j )ro ^j ncri ' Izc d arteriosclerosis , a moderate!} enlarged 
left ^ ,C an d several slightlv enlarged, tender 

U'gumal lamph nodes The laboratory, examination, 


requiring repeated abdominal paracenteses, and the 
patient died on April 27, 1938, one and one-half }ears 
after orchidectom} , at the age of 84 

Gioss Appearance of Specimen — The specimen con- 
sisted of a testicle with the spermatic cord attached 
The testicle measured 4 bv 3 b\ 2 5 cm There w ere 
sea eral firm nodules on the external surface at one 
pole Sectioning revealed a peculiar, }ellow, nodular 
parench}ma (fig 4) The nodules were 1 to 2 mm in 
diameter and apparentlv circumscribed bv bands oi 
fibrous tissue No normal testicular tissue was seen 
.Microscopic Appearance — In sections stained with 
hematoxahn and cosin the tumor was seen to be com- 
posed oi round to oval groups oi tumor cells separated 
ba lairl} thick bands oi connective tissue The tumo- 
cells resembled normal interstitial cells T! ea 1 ad_ 
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round hyperchromatic nuclei, in which there were many 
mitotic figures (fig 5) Nucleoli were prominent and 
often eccentric The cytoplasm varied in amount, being 


In some areas the tumor cells had invaded the tunica 
albuginea in small groups or had grown into veins 
(fig 6) A few atrophic tubules were seen 



Fig 6 (case 3) — Section showing growth of tumor cells in a vein (X SO) 



rather 'cantv m some areas and protuse in others In 
the litter the Iner-hhe appearance was easilv noted 
Mini granules ot almost neutrophilic character were 
pn. ent 


In sections stained with osmic acid droplets of faf 
appeared in about one third of the tumor cells (fig 7) 
In portions of the tumor where growth had aP' 
parenth been rapid as evidenced by the presence of 
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many mitoses, few or no droplets of fat were seen in 
the cj toplasm 

COMMENT 


Interstitial cell tumors of the testis have two 
distinctive gross charactenstics First, they are 
nearly all nodular This condition is apparent 
on the external surface and m cioss sections of 
the tumors and is due to the presence of nodules 
of interstitial cells sunounded by connective 
tissue The nodules represent ovei development 
of the normal histologic stiucture of the gioups 
of interstitial cells All of the tumois leported 
here were grossly and microscopically nodular 
The tumoi reported by Someiford 14 does not 
appear in the photomici ograph to have this 
characteristic relation of tumoi cells to stroma 
The histologic desci lption suggests atopic adrenal 
tissue It has been suggested that some of the 
neoplasms desci ibed as of mtei stitial cell origin 
aie, in fact, tumors of atopic adienal tissue 


The second distinctive gioss characteristic of 
interstitial cell tumors of the testis is the color 
All but 1 of the tumors, including the 3 reported 
here, weie yellow or yellow-brown The tumor 
described in the first case reported by Masson “ 
"as blue-gray As this was a malignant tumoi, 
the cellular differentiation was perhaps not suf- 
ficient to include the formation of cytoplasmic 
1'Pids It is the presence of lipids which causes 
the charactei istic color of interstitial cells, and 
hence of these tumors In the malignant tumor 
reported here (case 3) only the older, more 
niatuie parts of the tumor contained lipid (fig 7) 

f he microscopic appearance of interstitial cell 
tumors is unlike that of any othei testicular 
ueoplasin The liver-hke cells, with round to 
shghtly oval nuclei and eccentric, punctate 
micleoh are without a counterpart These 
Matures characterize the 3 tumois described here 
n ud that of Hunt and Budd (table 2), which was 
•bailable foi companson 

The hormonal changes produced by mter- 
-titial cell testicular tumors are interesting All 
0 the children in whom the tumois have been 


c ported have had precocious bodily and sext 
tc'clopment These aie obviously androger 
'enoniena One would expect endocrine mai 
^stations of the tumors m adults to be on t 
basis 


'necomastia which was lepoited in but 1 of 
per C1I ' C ' ren was present in 3 of the adults ( 1 5 
ot r cent ) Two of these patients bad regression 
P S' necomastia after lemoial of the tumoi 
and CnCe ^ een ndduced to indicate that 
nia) cause g\ necomastia Sel\ e 

Timio^ "•'A’crfofd A E A Case of Interstitial Cell 
I i Testis in a Boy of Ele\en A ears Brit 

Lro1 13 13, 1941 


McEuen and Collip 15 found development of 
mammai y tissue and lactation in immature male 
and female rats after the administration of 
testosteione benzoate, both in the presence and 
m the absence of the gonads McCullagh and 
Rossmiller 10 noted the development of gyne- 
comastia in 6 of 11 men treated for testicular 
deficiency with methyl testosterone 

The one patient with an mtei stitial cell tumor 
on whom hormone assays w'eie performed (Mas- 
son 9 and Venning 10 ) did not have gynecomas- 
tia, despite having the highest level of androgen 
leported in an}' condition Othei factors, there- 
fore, must play a pai t in the de\ elopment of gyne- 
comastia in some of these patients The andro- 
gen-estrogen ratio 17 may be one of these The 
relationship between androgen and mhibm may 
be anothei This has been suggested as a pos- 
sible explanation of the gynecomastia found m a 
group of patients reported by Khnefeltei , Reifen- 
stem and Albright 1S The presence of sufficient 
estrogen to produce gynecomastia has not been 
demonstrated 

Bonser 10 and Bonser and Robson 20 pioduced 
interstitial cell neoplasia, varying from hypei- 
plasia to the formation of malignant tumors, in 
mice of the Strong A strain by the injection of 
excessive amounts of various estrogens over a 
long period Neither changes in the bi easts noi 
othei estrogenic phenomena were pioduced in 
most of these mice The authors ascribe the 
absence of estrogenic phenomena to the antago- 
nizing effect of the androgen produced by the 
hyperplastic interstitial cells 

This work suggests the possibility that inter- 
stitial cell tumors of the human testis could 
result from the formation of excessive amounts 
of estrogen in susceptible persons If this 
hypothesis w'crc true, the androgenic changes 
seen in children with tumors of this type w r ould 

15 Selye, H McEuen, C S , and Collip, J B 
Effect of Testosterone on the Mammary Gland, Proc 
Soc Exper Biol & Med 34 201, 1936 

16 McCullagh, E P, and Rossmiller, H R Methyl 
Testosterone I Androgenic Effects and the Production 
of Gynecomastia and Oligospermia, J Clin Endocrinol 
1 496, 1941 

17 Glass, S J, and Bergman, H C Subchnical 
Adrenogenital Syndrome, Endocrinology 23 625, 19 38 

IS Klinefelter, H E , Reifenstein E C , Jr , and 
Albright, r Sindrome Characterized b\ Gyneco- 
mastia, Aspermatogenesis Without A-Leydigism, and 

Increased Excretion of Follicle Stimulating Hormone 
J Clin Endocrinol 2 615 1942 

19 Bonser, G M Malignant Tumors oi the Inter- 
stitial Cells of the Testis in Strong A Mice Treated 
yyith Triphenylcthylene, J Path &: Bact 54 149, MM % 

20 Bonser G M , and Rob=on T M Ti e Jfljjjfcrfu 

oi Prolonged Oestrogen Administration 

Mice of Various Strain' Dey elopment 

Tumor' in the Strong A Strain J Pa 
1940 
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be due to excessive amounts of androgen pro- 
duced by these tumors, the cells being capable 
of the production of larger amounts at this time 
of life, and the development of gynecomastia 
(an estrogenic change) in certain adults could 
be explained by the inability of their interstitial 
cells to produce enough androgen to antagonize 
the estrogen These hypotheses are not in accord 
with the present understanding of the androgen- 
estrogen-pituitary balance and do not explain 
why the gynecomastia in 2 of the adults regressed 
aftei the removal of the testicular tumor How- 
ever, they indicate the necessity for extensive 
hormonal studies of patients with interstitial cell 
tumors of the testis 

The presence of a malignant interstitial cell 
tumoi in a person dying of rapidly growing 
carcinoma of the prostate, as leported by Shar- 
noff and Lisa, 12 indicates that estrogen was not 
present in this patient in sufficient quantity to 
affect the growth of the prostatic tissue by neu- 
tralizing the andiogemc effect 

Various other manifestations of these tumors 
have been described which could be due to ex- 
cessive amounts of either androgen or estrogen 
In several patients the unmvolved testis was 
small but grew larger after the tumor was re- 
moved Aspermatogenesis, sterility and sub- 
normal libido were present in several patients 

The accompaniment of interstitial cell tumoi s 
of the testis with endocrine changes, presumabl} 
androgenic, and the high level of 17-keto steroids 


found by Venning 10 in the urine of a patient 
with an interstitial cell tumor of the testis are 
additional evidence that the interstitial cells are 
the primary source of androgen m the male 

SUMMARY 

Twenty-six acceptable interstitial cell tumors 
of the testis have been reported to date, includ- 
ing 3 new ones reported here Of this number, 
21 were benign and 5 malignant One of the 3 
reported here was malignant and occurred in 
an 82 year old man The other 2 were in 
patients aged 30 and 34 years One of the 
patients had gynecomastia which failed to regress 
after oichidectomy was performed Each of the 
6 children in whom tumors occurred had pre- 
cocious bodily and sexual development Three 
(15 per cent) of the adults had gynecomastia 

Interstitial cell tumors of the testis are usually 
nodular and yellow or yellow-brown The micro- 
scopic picture is characteristic, there are well 
cncumscribed groups of liver-like cells with 
rather small, round nuclei and many punctate 
nucleoli, some of which aie eccentnc 

It is believed that the manifestations of these 
tumors offer further proof that the interstitial 
cells of the testis are the primary source of 
andi ogen 

112 North Madison Aienue, Pasadena 

School of Medicine, Umversit} of Southern Cali 
foinia, Los Angeles 

657 South Westlake Aienue, Los Angeles 
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In April 1938, 1 7 suggested that painful or 
“frozen” shoulder in the absence of an actual 
pathologic condition within the joint or bursas 
is due to tendosynovitis of the long head of the 
biceps muscle What was then a mere clinical 
conjecture has just been proved to be a fact 
by Lippmann 8 9 His pathologic material was ob- 
tained from 12 surgical cases of “frozen shoulder” 
and was appraised by Dr Oppenhenn, pathologist 
at the Mount Sinai Hospital of New York, who 
found various degiees of inflammation m all 
specimens 

It can thus be seen that anatomically, by virtue 
of its arrangement, this tendon is a somewhat 
handicapped one Physiologically, the tendon 
is taxed beyond its physiologic assignments 
Pathologically, it falls prey to various types of 
nonspecific and specific infections 

This is, then, the background of this vulner- 
able tendon, which places it in a status mmoris 
resistentiae 


trian syphilologist, published in 1884 an exten 
sive article on syphilis of tendons and joints 
Like Verneuil, he described acute and subacute 
exudate m the tendon sheaths of extensor mus 
cles of fingers, especially m women In Ger- 
many, Schuchardt 11 and Holder 12 spoke of syphi- 
lis of tendons, the latter finding the condition 
more prevalent in muscles In the United States, 
Keyes 13 mentioned the subject and reported sev- 
eral cases Hektoen and Riesman 14 spoke of 
tendovaginitis acuta syphilitica occurring in sec- 
ondary syphilis Stokes, 15 on the other hand, 
stated that the involvement of tendon sheaths 
in early syphilis is rare 

The literature on syphilis of tendons seems 
to have been prolific m the seventies and eighties, 
especially m France, sporadic thereafter and 
seldom mentioned m modern literature on syphi- 
lis While it is difficult to explain the discrep- 
ancy between the thorough knowledge of the 
subject m the seventies and eighties and the total 
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Fig 2 A shows the tendon of the long head of the biceps muscle in relation to the joint capsule and 
humerus, B the tendon with the synovial sheath split and reflected outward (from Callander, C L Surgical 
Anatomy, Philadelphia, W B Saunders Company, 1933) 


s\PHiris or tendons and 

TENDON SHEATHS 

History — Verneuil® stated that prior to 1868 
there was no mention of syphilis of tendons m 
the literature He reported 4 cases of syphilitic 
“subacute exudate” in the tendon sheaths of 
extensor muscles of fingers , all the patients were 
v omen 

The French school of syplulologists, repre- 
sented by Fournier, Velpeau, Lancereaux, Ver- 
neuil, Maunac and others, reported a number 
of cases of syphilis of tendons Finger, 10 Aus- 

7 Schrager, V L Surg , G>nec &. Obst 66 78S, 
193S 

S Lippmann, R K Frozen Shoulder Periarthritis , 
Bicipital Tcnosvnoi itis, Arch Surg 47 283 (Sept) 
1943 

9 Verneuil Gaz hebd de med 5 609, 1869 

10 Finger, E -\ Wien med V r chnschr 34 864, 

S90, 920, 944, 971, 993 and 1026 1SS4, Lehrbuch der 

Haut- und Geschlcchtshranhheiten, Leipzig F Deutiche, 


oblivion in modern times, it may be that the 
syphilologist of old, deprived of the advantages 
of serologic diagnosis, was a keener clinician 
Again, modern antisyphihtic treatment has either 
modified or obviated the pathologic changes of 
syphilis 

Etiology and Diagnosis — The earliest diag- 
noses were established largely on therapeutic 
tests, some of the syphilitic tendinitis disappear- 
ing like magic on this treatment Syphilis of 
tendons is seldom suspected, tendinitis being the 

11 Schuchardt, K Virchows Arch f path Anat 
135 394, 1894 

12 Holder Lehrbuch der \enerischen Krankheiten, 
1909, pp 185 and 421 

13 Keyes, E L, Jr Syphilis, New York, D Apple 
ton and Company, 1908 

14 Hektoen, L , and Riesman, D An American 
Text-Book of Pathology, Philadelphia, W B Saund 
ers Company, 1901 

15 Stokes, j H Modern Clinical Syphilologj, 
Philadelphia, W B Saunders Company, 1934, p 687 
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prevalent diagnosis for acute conditions and 
ganglion or tuberculosis for chronic conditions 
A history of syphilis, especially in untreated 
or inadequately treated patients, positive serologic 
reactions and characteristic scars on the forehead 
and the tibia are helpful in diagnosis However, 
many untreated patients show a slightly positive 
and frequently a negative reaction 
The presence of a mass may suggest a tumor, 
as it did in the case to be described However, 
tumors of the tendon sheaths are rare Cana- 
> 10 estimated that there are approximately 


vero' 


1 or 2 cases of such growths m every 2,000 
admissions to hospitals and clinics In the com- 
bined statistics of the Brooklyn Cancer Institute, 
the Cumberland Hospital and the Jewish Sana- 
torium and Hospital for Chronic Diseases, there 
were only 5 cases of tumor of the tendon sheath 
among 1,500 admissions to the hospitals and 
150,000 admissions to the clinics Coley and 
Pierson 17 collected 27 cases of tumor of the 
synovial sheath from the general literature 
Syphilitic tendinitis may be associated with 
painless swelling of joints, which is invariably 
diagnosed at first as being rheumatic or arthritic 
The pam, if at all present, is more likely to be 
nocturnal and is often relieved by exercise 
Fournier expressed the opinion that pains about 
the knee and elbow at the beginning of secondary 
syphilis are due to syphilis of tendons in the 
'icimty of joints He stated that the pain at 
the bend of the elbow and the inability of the 
patient to extend the forearm are characteristic 
°f secondary syphilis, and he designated the con- 
dition pseudorheumatism Pams about the elbow 
sj phihtic origin may be referred to the tendon 
the long head of the biceps 
The exudate may be either slightly painful 
0r > more often, painless and as a rule does not 
a ffect function There may be present thicken- 
ln g of the tendons and painless and movable 
nodules along their course The overlying skm 
n ' a ' either be normal or show inflammatory 
cianges, sinuses, thickening or calcification 
Pathology — One of the characteristics of syph- 
‘ 'tic tendinitis is the presence of nodules in the 
cr >dons Lisfranc 18 described white nodosities 
111 tendons ( nodosites blanches), which Lance- 
r cau\ 30 ascribed to syphilis They always are 
a tertiary manifestation, painless and movable 
^-J'ucliardt 11 reported a case in which a hazelnut- 
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sized node m the long head of the biceps of a 
merchant with untreated syphilis responded well 
to antisyphilitic treatment Lisfranc described 
“white tumor” m the achilles tendon of an opera 
dancer, which disappeared completely on the 
administration of potassium iodide 

Syphilis has a predilection for certain tendons 
According to Lancereaux, thick and strong ten- 
dons are more often involved, such as those of the 
biceps and triceps surae muscles and the exten- 
sor muscles of fingers Schuchardt reported 
syphilitic nodules in the tendon sheaths of the 
supmatoi longus, extensor carpi radialis and 
extensor pollicis longus muscles, all in female 
patients 

Many syphilologists have mentioned involve- 
ment of the tendon of the long head of the biceps 
muscle Cases of such involvement have been 
reported by Fournier, Schuchardt and Lisfranc 
Finger stated the belief that tendosynovitis of 
the tendon of the long head of the biceps muscle 
is characteristic of secondary syphilis and that 
the pam, if present, is always referred to the 
elbow 

Lanceieaux spoke of plastic exudate, infiltra- 
tion and thickening, as well as of gummas 
Schuchardt found thickening of the inner sheath 
of tendons He also found masses of lympho- 
cytes, which he designated as miliary gummatous 
nodules and areas of necrosis, resembling caseous 
gummas of the testicle There were present m 
the granulation tissue of the deeper layers of 
tendon sheaths giant cells with multiple nuclei, 
resembling those present in tuberculosis 

REPORT Or A CASE 

History — I W, aged 61, retired, was a well built 
and well nourished man, looking a bit younger than his 
age He had been in fair general health all his life 
For the last twenty v ears, however, he had complained 
of pam in \anous joints, and he had been incapacitated 
for about twehe years During that time he had had 
periodic large swellings m various joints, such as those 
of the shoulder, the wrist and the knee, which in- 
convenienced him because of the size of the swellings 
but not because of pam He could get around well using 
a cane, or occasionally crutches, simplj because thev 
made walking a little easier He consulted several 
phvsicians, who diagnosed his condition as either 
rheumatism or arthritis During the last routine ex- 
amination it was discovered that his blood shoved a 
4 plus \\ assermann reaction The attending phv sician 
gave him several injections of neoarsphenamine and 
bismuth After the eighth treatment, a deep jaundice 
developed The patient became alarmed, discontinued 
the treatment and visited the Mavo Clinic, in Roches'e-, 
Minn There, a diagnosis of toxic hepatitis was r> 
and he was advised never again to tale a , 
the treatment of svphilis He had not had 
sv phihtic treatment since. 

\\ hen I saw the patient he stated that 
previouslv, while squeezing an 
a rather sharp pan m the upper 
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A couple of days later he noticed a swelling in that 
location, which was painless This swelling progressed 
in size, and when I saw him, about a week later, he 
insisted that the tumor mass be removed 
Examination of the patient revealed that he had no 
organic disease and that he was m excellent condition 
for his age There was a large swelling, elastic in 
character, m both knees, which were painless both to 
touch and pressure and on active and passive move- 
ment The ankles were slightly swollen, there was 
some swelling m the left shoulder, which was the 
residual of a former, larger swelling The routine 
laboratory tests gave normal results As mentioned 
before, the original Kahn and Wassermann reactions 
were negative, but there was a 2 plus reaction with 
other methods In the upper third of the right arm, 
on its anterior and lateral aspect, there was a tumor 
mass the shape of a large- banana It was somewhat 
soft, was painless and could be displaced laterally but 
not upward or downward There was also a large, 
inflamed olecranon bursa, about the size of a large wal- 
nut, likewise painless and movable 
On the basis of the age of the patient, his reasonably 
good record of health, his healthy children and the 
fact that for a number of years he had had effusions 



F'g 3— \ tumor mass displacing the tendon and 
muscle hteralb 

m various parts of the body, two tentative diagnoses 
were made tumor of undetermined origin, or serous 
effusion m the tendon sheath of the long head of the 
biceps muscle The olecranon bursitis was considered 
coincidental and not related to the tumor mass in the 
upper portion of the arm 

Opiraltoi and Findings — With the area under anes- 
thesia induced with solution of procaine hydrochloride, 
an incision was made in the upper third of the arm! 
laferalK to the midline The tumor mass was about 
3^ inches (75 cm) in length and about V/ 2 inches 
(u 8 cm ) in v ldth It was located in the tendon sheath 
of the long head of the biceps muscle and, bj its size, 
displaced the muscle lateral!} and internallv 

The mass had a thm capsule of connective tissue It 
was movable laterally but it was attached to the deeper 
structures and could not be moved upward or downward 
and seemed to lose itselt m the bicipital groove Al- 
though the dissection was reasonablv easv, for the most 
part, the capsule was perforated at two or three points 
\ \ ellov ids mass comparable to v ell cooked, mashed 
sv ect potatoes escaped through the-e rents The mass 


was finally excised, sharp scissors being required to 
detach it from its lower and upper attachments After 
the mass had been removed, the same kind of yellowish 
material escaped from the bicipital groove It was 
evident that this mass and its contents were situated m 
the sheath of the tendon of the long head of the biceps 
muscle The tendon itself did not look normal Instead 
of being white and glistening, it was red in spots, 
instead of running straight upward, it bulged at one 
point This bulge was made up by an almond-shaped 
mass, which was removed for diagnosis It represented 
a node in the tendon and was movable A few strips 
of the tendon and its sheath, which w'ere red and 
frajed, were also removed for diagnosis 
An olecranon bursa the size of a large walnut was 
present over the right elbow It had a thick capsule 
The contents of the bursa were exactly like those found 
m the tendon sheath of the biceps muscle 
Both wounds healed by primary intention, and the 
patient left the hospital within four days There was 
no subsequent evidence of lack of repair of the tissues 



Fig 4 — Low power magnification of a section shoiv 
ing an area of necrosis and granulation tissue surrounde 
by giant cells 


Pathologic Report — The first intimation about f e 
true nature of the tumor mass came from Dr I Davi 
sohn, the hospital pathologist, who recognized w 1 e 
histologic picture a s>philitic pattern , 

The tumor was sausage shaped (6 by 2 cm ) 
consisted of a thm capsule (1 mm ) with a red, smoo* 1 
glistening outer surface, with deposits of a soft yello'' 
material on the inner surface About 2 cm above 1 
proximal end of the tumor, an almond-shaped mass "jj 3 
found attached to the inner surface of the sheath of 
long head of the biceps muscle It measured 24 bj 
by 4 mm It was pink, with yellow areas and stra,: > 
of loose connective tissue attached to it The section 
surface was gray Several pieces of membranous t 
tissue measured about 8 by 5 by 2 mm 
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Mtci oscopic Repot t — A thick layer of granulation 
tissue was found Large masses of lymphocytes mixed 
richly with plasma cells were present in accumulations 
is well as diffusely The largest accumulations were 
at the periphery of the capsule just below the fat 
tissue The relation of these massive accumulations to 
blood vessels was intimate and striking, not unlike the 
picture seefi in the adventitia of the aorta m cases of 
yphihtic aortitis There was lymphocytic and leuko- 
ytic infiltration in the wall Amorphous material in 
the innermost layer of the wall showed the type of 
lecrosis seen in the contents of gummatous lesions 
Sections from the node attached to the sheath of the 
tendon of the biceps muscle showed in some places, at 
the periphery, similar thick collagenous fibers infiltrated 
with lymphocytes and plasma cells 
Frozen sections from the amorphous contents of the 
lursa revealed droplets of sudanophilic material 
The changes were compatible with a syphilitic 
granuloma 



r-g 5 — Higher magnification of the section presented 
j 1 figure 4, showing many giant cells at the border of 
he necrotic area 

Olecranon Butsa Pathologic Repot t — The specimen 
fueled bursa of the olecranon was a sac, irrcgularh 
'aped, measuring 55 by 50 bj S mm , w ith club- 
laped projections extending into the bursal cavitv 
' ,en the ca\it> w'as opened it was seen to be filled 
'■ith a vcllowish, soft, amorphous tissue, similar to the 
"bterial which was prbsent in the specimen from the 
irm A surface sectioned through the club-shaped 
lr °jcctions showed similar contents in the center of the 
•"‘t't with a translucent white tissue m the walls 

urroundmg it 

t hcroscopic R t pott — Sections showed areas oi 
ccroMs surrounded b\ granulation tissue m the midst 
** thick. la\crs of dense fibrous tissue The necrotic 
uatcrial m the center of the nodes was eosinophilic. 

Was amorphous and racoons with an •’dnu tur" of 


some of the cells from the granulation tissue, which 
formed a wall around it Among the fibroblasts, there 
were present relatively large numbers of giant cells 
with peripherally located nuclei, which were oval and 
vesicular, with their long axes arranged parallel and 
radially The giant cells resembled those seen in tuber- 
culosis and in gummas The picture was characteristic- 
ally that of a syphilitic gumma 

SYPHILITIC BURSITIS 

This entity was first mentioned by Vemeuil, 9 
in 1866 and 1877 In 1876, the elder Keyes 2C> 
collected 14 cases from the general literature 
and analyzed 27 cases He published an article' 
“Syphilis as Affecting Bursae ” Keyes, Jr., 
reported 5 cases, 2 of which were included in 
the elder Keyes’ article The classic article of 
Churchman 21 awakened interest in this condi- 
tion, and he coined the term “luetic bursopathy 
of Verneuir’, in recognition of Verneuil’s early 
description and the emphasis placed on syphilis 
of bursas Codman stated “I have never recog- 



Fig 6 — Two spirochetes are shewn in an area of 
necrosis 

mzed a case of sj philitic bursitis in the shoulder 
but I have seen 2 cases of s) philitic ulcer, which 1 
presumably involved the subcutaneous bursae ,r 
The British literature is totall} r silent on syphi- 
litic bursitis This silence is strange, since 
syphilitic diseases of joints have been well studied 
by the British Symmetric s\ nov ltis of the knee 
in congenital s} plnlis has been know n in England 
as Clutton’s disease S} philitic involvement of 
joints was mentioned m England as carl} as 
1498 b\ Peter Mart} r, but was actual!} described 
by Ricket in 1S53 

The interval between the primarv lesion and 
the development of s} philitic bursitis varies from 
a few months to ten } ears According to Church- 
man’s tabulation, m 9 cases s} philitic bars’tis- 

20 Keve. N E. L, Sr \m J M Sc. 71 340, 1S7> 
a] f'h'irrnrr-n T V> Sr ia° * • too 
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occurred in the secondary stage of syphilis and 
in 17 m the tertiary stage 

Patients with syphilitic bursitis have either 
no pain or only very slight pam Indolent bur- 
sitis without a history of trauma should be 
suspected as being due to syphilis Occasionally 
housemaid’s knee has proved to be syphilitic 
Indolent bursitis about the knee or the elbow 
in children with Hutchinson’s triad should be 
suspected as being syphilitic Roentgenograms 
are of no value, since the process does not 
involve the adjacent bone 

In the differential diagnosis between syphilitic 
bursitis and other entities, tuberculosis has been 
considered However, according to Barnard, 22 
tuberculosis attacks persons in the extreme age 
groups, whereas syphilis attacks, as a rule, middle- 
aged persons 

The bursas most commonly involved are the 
prepatellar, the subpatellar and those about the 
elbow 

Pathologically, a syphilitic bursa shows hyper- 
plasia of connective tissue with subsequent de- 
generation of its contents yellowish, viscid, 
coagulable fluid (Garner and Schoch 23 ) If 
syphilitic bursas break down, deep ulcers or 
projecting fungating granulation masses form 

22 Barnard, H L Clin J 23 188, 1904 

23 Garner, V C, and Schoch, A G Syphilitic 
ursopathy of Verneuil, Arch Dermat & Syph 24 591 

(Oct) 1931 


Treatment consists in most cases m surg 1 ''" 
removal, as the surgeon rarely suspects the re* 
nature of the disease The older syphilologm 
obtained many cures by using merely n. v i 
and iodides According to Churchman, this ty*. 
of mixed treatment brought satisfactory result- 
m about forty-six days 

CONCLUSIONS 

Syphilis of tendons and bursas should be sus- 
pected more often in the diagnosis of tendinitis 
and bursitis 

The reasons for the scarcity of reports m mod- 
ern literature as contrasted with the older litera- 
ture are ( a ) the adequate and more universal 
treatment of syphilis with arsenicals and bismuth, 
which either modify or obviate the pathologic 
changes of syphilis, and ( b ) the intense diag- 
nostic acumen of the older svphilologists m the 
absence of serologic tests 

In the case of syphilis of the tendon of the 
long head of the biceps muscle and of the ole- 
cranon bursa herewith presented, for the first 
time, the diagnosis of syphilis of these structures 
has been, I believe, definitely proved by the 
presence of Treponema pallida m the granulation 
tissue 

The tendon of the long "head of the biceps 
muscle is more vulnerable than other tendons 
to both specific and nonspecific infections 
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Formation of an abscess in the thyroid gland 
s an infrequent manifestation of tuberculosis 
Gankin and Graham stated that “such piogres- 
ion of the disease (into cold abscess) is ex- 
remely rare ” In a review of the literature 
\e have been able to find only 26 cases No 
■eported case is similar to the one detailed m 
mr paper m that a tuberculous abscess of the 
lqroid developed in this patient during the 
econdary stage of syphilis 
Coller and Huggins stated that two types of 
uberculosis of the thyroid gland are seen miliary 
ind caseatmg The miliary type is found with 
• generalized tuberculous infection In the 
aseatmg type the gland may necrose and soften 
o form masses of tuberculous caseatmg material 
,r m ay liquefy to form a cold abscess Lindsay 
: nd Mead reviewed the literature in 1934 and 
ound recorded about 255 cases of tuberculosis 
»f the thyroid Of these tuberculous conditions, 
25 were discovered at operation or on histo- 
ric study of the gland following operation 
file remaining 130 were found at autopsy and 
insisted chiefly of miliary tubercles of the 
kyroid associated with acute generalized miliary 
uberculosis In 1933, Van Ravenswaay and 
i'an Ravenswaay collected 107 cases in which 
uberculosis of the thyroid was discovered at 
'peration During our search for reports of 
uberculous abscess of the thyroid, we found 21 
additional cases of tuberculosis of the thyroid 
eported since 1933, in 4 of which abscesses 
>ccurred (Tinker, Dean and Hall, Dmsmore, 
Eithe, Louria and Louna, Keynes, Uraz, 
ncGregor and Peacock , Phillips and Waldron , 
and Perrin , Hare and Simpson , Comando) 
bese do not mclude reports of the miliary t) pe, 
''bich appears to be of less clinical interest 
To the tv o tjpes discussed by Coller and 
Tuggms might be added the sclerosing form, 
is reported by Budd and Williams, b\ Higgins 
md b} others In this type the thyroid glands 
* re small, fixed and hard and are thought to 
^present arrested or healed tuberculosis Budd 
lnd Williams, however, stated that “sclerosing 
uberculosis of the th}roid results from circulat- 
es to\ms ” Jaffe reported 4 cases in which 
he histologic changes “are identical with those 


described as a benign, sclerosing foim of tuliei- 
culosis of the thyroid ” He stated the belief 
that these conditions are the result of focal in- 
volutional changes and are nontuberculous 
Therefore, some doubt now exists as to the actual 
cause of the sclerosing type 

Excellent reviews of tuberculosis of the tln- 
roid were published by Coller and Huggins in 
1926, Rankin and Graham in 1932 Van Raaens- 
waay and Van Ravenswaay in 1933 and Lindsaa 
and Mead in 1934 How r ever, no paper has been 
devoted to tuberculous abscess alone, and no 
leview has contained all the recoided cases ot 
tuberculous abscess of the thjroid For this 
leason, the reported cases are abstracted bricfh 

Case 1 (Schwartz) — The patient was a 30 jear old 
man who complained of swelling m the neck, djsphag a 
and dyspnea of several weeks’ duration Examination 
showed swelling of the right lobe of the thjroid, with 
deviation of the trachea to the left The right pupil 
was smaller than the left, and there was parahsis oi 
the right vocal cord No tuberculosis was found else- 
where Incision and drainage of the cold abscess oi 
the right lobe jielded 60 to 70 cc of thick, jcllow, 
granular pus The patient recoaered In a guinea pig 
inoculated with the pus tuberculous lesions were pro 
duced 

Case 2 (Rolleston) — The patient was a 23 ■sear old 
woman who had paraplegia, associated with tuberculo is 
of the first lumbar aertebra and oi the upper part oi 
the sacrum There was also pulmonar\ tuberculo is 
During life there were no samptoms reicrable to t* e 
tharoid gland At autopsa there was found an ah cess 
of the left lobe of the tlwroid with two opemn "to 
the esophagus The lymph nodes oi the nec! vcl ~t o 
in\ oh ed 

CasE 3 (Fraenkel) — The patient was a 3? 'u r o 1 
woman who had had swelling o' tie n.ci r ' 
months Hoarseness, daspnea and aasp-agia > c-e ■' 
ent A diagnosis oi malignant iivo- a*, -a-'* 
attempted extirpation oi tie th'-od a a' ' c 

difficult, and the patient d ed ‘no-fa a c , 

lent mediastm tis Autopsa «i o \cd a t_ xrc. ‘ - - 

oi the right lobe o' the fvo d c a- 1 ~~d - 
nara tuberculosis 
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cold abscess of the thyroid He was cured after the 
operation but died some time later from osseous tuber- 
culosis and septicemia 

Case S (Roger and Garmer) —The patient was a 34 
year old woman who had pulmonary tuberculosis and 
tuberculous pharyngitis She was admitted to the hos- 
pital during the last trimester of pregnancy and died 
seventeen days after delivery During life there were no 
symptoms referable to the thyroid itself At autopsy 
there was a cavity m the pyramidal lobe, which con- 
tained thick pus Tubercle bacilli were found in this 
material 

Case 6 (Clairmont) —The patient was a 2 year old 
boy who had previously been well Seventeen days before 
his admission to the hospital the mother noted slight 
swelling of the thyroid, and ten davs before admission 
the swelling increased and was accompanied by rest- 
lessness and slight fever Examination on admission 
showed a swelling, the size of a walnut, in the midline 
in the region of the thyroid gland This was firm, 
smooth and tender it was displaceable in either direc- 
tion, but more so horizontally, and it moved with 
swallowing At operation an abscess containing thick 
ray fluid was found The cavity was curetted and 
acked Two fistulas followed which required excision, 
but the patient eventually recovered Histologic exami- 
nation showed tuberculosis 

Case 7 (Pupovac) — The patient was a 42 year old 
man who had noted a walnut-sized, painless swelling 
in the middle of the neck after coughing seven months 
previously Gradual enlargement occurred Examina- 
tion showed a swelling the size of a goose egg, w'hich 
was soft, smooth and fluctuant There were also signs 
suggesting tuberculosis in the apex of the left lung A 
diagnosis of cold abscess was made, and aspiration 
yielded thin pus At operation the wall of the abscess 
and the remainder of the isthmus were excised with 
radical excision of the lymph nodes of the neck The 
wound healed well, and histologic examination showed 
tuberculous granulation and tubercles m the wall of the 
abscess 

Case 8 (Corner) — The patient was a 9 year old girl 
who had had swelling of the neck for one year Exami- 
nation showed the right lobe of the thyroid to be 
enlarged The lower pole was soft and fluctuant There 
was a sinus at the apex of the left lobe At operation 
an abscess of the right lobe was opened and “one to 
two drachms of pus” evacuated Sections of the wall of 
the abscess showed chronically inflamed thvroid tissue 
and tubercles No tuberculosis was found m the lungs 
prior to operation The patient died seven months later 
from tuberculous meningitis and acute generalized tuber- 
culosis, the wound having failed to heal 

Case 9 (Lediard) —The patient was a 21 year old 
man The signs and symptoms were not stated No 
tuberculosis, how e\ er, W'as found elsewhere m the body 
At operation an ounce or more of seropurulent material 
was removed from the left lobe of the thvroid gland 
Recovery was prompt No tubercle bacilli were found 
m the pus, and cultures were negative Histologic 
examination oi excised tissue showed tubercles 


Case 10 (von Schiller) —The patient was a 17 year 
old youth who had chronic pulmonary tuberculosis He 
first noted a tumor the size of a nut in the left lobe of 
the thyroid This gradually increased over a period of 
several months to the size of a fist Dyspnea was 
present The enlargement was soft At operation a 
cold abscess, containing 90 cc of pus, was evacuated 
Tubercle bacilli were found in the pus The patient 
recovered 

Case 11 (Lenormant) — The patient was a 40 year 
old man who had a cold abscess of the isthmus of the 
thyroid, the size of a black walnut He also had a 
cold abscess over the right greater trochanter Incision 
and drainage of the abscess of the thyroid were carried 
out A fistula formed which persisted for about two and 
one-half months No laboratory confirmation of the 
cause of the abscess was given 

Case 12 (Halstead) — The patient was a 28 year old 
woman who had had a swelling m the neck for one year 
It gradually enlarged to the size of a small orange, and 
a month before operation it caused pain, dyspnea and 
dysphagia Poultices were applied, and after a few 
days 'an opening formed, discharging thick pus This 
was followed by discharge of large quantities of pus and 
caseating material at intervals of a few days, without 
a decrease in the size of the mass At operation an 
abscess cavity of the left lobe of the thyroid gland 
was found, extending down behind the sternum Pro- 
longed drainage occurred but was followed by recovery 
No organisms were found, but histologically tuber- 
culosis was present 

Case 13 (Pollag) — The patient was a woman of 59 
years There was a family history of tuberculosis, and 
her past history suggested pulmonary tuberculosis She 
had had a goiter from childhood Three years before 
she began having difficulty with the right knee She 
was admitted to the hospital, and femoral amputation 
was carried out for tuberculosis of the right knee 
joint Examination at this time showed an infection 
in the apex of the left lung There was a moderate 
enlargement of the thyroid, with a walnut-sized node in 
each lobe Nineteen days after amputation of the leg 
the skin over the thyroid gland became red, warm and 
tender Seven days later fluctuation appeared At 
operation thin fluid pus was obtained and an abscess 
of the isthmus drained The patient eventually re 
covered Tubercle bacilli were present in the pus, and 
the wall of the abscess contained tubercles histologically 

Case 14 (Pollag) — The patient was a 74 year old 
woman whose neck had always been large Five day s 
before admission there was increased swelling and then 
a rapid increase in size, after which she came to the 
clinic A diagnosis of “cystic struma with intracystic 
blood” was made Examination showed the right lobe 
to be moderately enlarged and firm In an area nearer 
the midline on the right there was another soft fluctuant 
swelling The skin was red in the center, bluish red * !l 
the surrounding area and entirely blue around the 
periphery No tenderness was present Aspiration "’ as 
followed by incision and drainage, from which a cream} 
exudate from gray-green to brownish in color w as 
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obtained The patient recovered The aspirated pus 
contained tubercle bacilli 

Case '15 (Labey) — The patient was a 76 year old 
woman who had a large goiter with symptoms of suf- 
focation The left lobe of the thyroid was involved, 
extending behind the sternum and pushing the trachea 
and the larjnx to the right Fluctuation was present 
Incision was made, and caseous pus was found filling 
a cavity in the left lobe The cavity extended into the 
upper mediastinum The left lobe and the isthmus were 
removed, the mediastinal tract curetted and several hard 
masses m the right lobe removed Histologic exami- 
nation showed tuberculosis 

Case 16 (Jean) — The patient was a 42 year old man 
"ho complained of swelling in the neck, with hoarse- 
ness and dysphagia of several months’ duration A little 
to the right of the midlme there was a round tumor, 
winch felt cystic and was tender At operation pus was 
obtained, the right lobe removed and the wound closed 
without drainage This remained healed for seven 
months Tubercle bacilli were found in the pus The 
abscess was thought to be secondary to pulmonarv 
tuberculosis 

Case 17 (Vallata) — The patient was a 62 year old 
woman who had had a goiter for sixteen years Several 
weeks prior to her admission to the hospital pain de- 
\ eloped This was relieved by hot packs but later 
returned and was accompanied by dysphagia and 
djspnea Occipital headache was also present When 
she entered the hospital her general condition was poor 
There was slight fever The thyroid was diffusely 
enlarged, the left lobe more so than the right The 
left lobe was firm and tender Hot packs were applied 
for seven days, after which distinct fluctuation appeared 
Incision and drainage were done, and an odorless sero- 
Purulent liquid was obtained The patient recovered 
i\o organisms were found Histologic examination 
showed tuberculosis 

Case 18 (Jones) — The patient was a 64 vear old man 
W!th a history of rapid increase of swelling in the neck 
°' er a period of three months Dysphagia and hoarse- 
ness were present Examination showed a tumor over 
*' c isthmus This moved on deglutition and was tense, 
encapsulated, nonfluctuant and not painful , the skin w as 
n °t adherent The whole tumor was freely movable 
U P and down but not laterallv At operation the 
C1 psule was broken during dissection, and there escaped 
1 thick, cream}, yellow pus, containing small caseous 
Particles The wound healed with ultraviolet therap> 

1 ° tubercle bacilli were found, but a guinea pig m- 
°cnl a ted with the pus died of generalized tuberculosis 

Cvse 19 (Dimtza) — The patient was a 69 }ear old 
"°man who had had a goiter for thirtv vears Striking 
growth, with pressure on the surrounding structures, 
occurred m the two to three months prior to 
a mission Loss of weight had occurred The swelling 
' Vas Pnncipallv on the left side Aspiration produced 
a Purulent, gravisli brown liquid Under intensive 

° u 'tgen tlierap} a large opening formed at the site of 
a Puncture made with a needle Tins graduallv healed 

' Cr n period of eighteen months Tubercle b->cilli 


were obtained on culture of the pus, and tuberculosis 
developed m a guinea pig inoculated with the pus 

Case 20 (Starlinger) — The patient was a 2 vear old 
boy For fourteen days there had been swelling of the 
neck, with some respiratory difficult} Examination 
showed a walnut-sized mass on the right side This 
was smooth and not tender and moved with swallow- 
ing Slight stridor was present At operation greenish 
yellow fluid was found The cavit} was packed V 
fistula formed and was later excised, and healing finallv 
occurred One year later the patient was seen and 
appeared slightl} myxedematous Cultures of the pus 
were negative, but histologic examination of the tissue 
showed tuberculosis 

Case 21 (Starlinger) — The patient was a 64 vear 
old man who had had severe d}spnea and increase in 
the size of the neck for one year For six months 
there had been rapid growth of the goiter, dvsphagia 
and pain radiating to the back of the head He also 
noted decreased hearing Examination shov ed a tumor 
the size of a fist on the left side This was firm, 
smooth, tender and elevated on swallowing There 
was paralysis of the left recurrent nerve, ana the 
trachea deviated to the right At operation e ci>ion of 
the tumor, which extended behind the esophagus, was 
attempted, but the abscess was opened and an esophageal 
fistula was found Therefore, extirpation of the lcit 
lobe of the th}roid was carried out, and gastrosto m 
had to be done The patient died four months later oi 
erosion of a large vessel At autopsy there were found 
old tuberculous peritonitis, pulmonao tuberculosis and 
tuberculosis of the thyroid gland 

Case 22 (Starlinger) —The patient was a 4S vear old 
man who had had a goiter for tlurt} vears Three 
weeks before admission to the hospital he had noted pain 
m the neck, especially with cough After fifteen dav s 
the swelling became firm The patient lost about 22 
pounds (10 Kg) during the acute phase of the dims. 
Examination showed on the right side oi the neck a 
tumor the size of a fist, which was firm and irregular 
and moved with swallowing The lov er pole \ as 
tender At operation the abscess v as accidcntalh 
opened, and copious pus appeared The right lot*. oi 
the tlnroid was lemoved, and the resulting \ ound v ->s 
packed and eventualh healed Rccovcn occi "ed 
Histologic examination showed tub^rculo is 
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Fig 2 — Photomicrograph of the tuberculous granuloma m tissue removed at the second operation (United 
States Army Medical Museum specimen 77603 ) 



Fig 3 —Photomicrograph of remnants of thyroid follicles in tissue removed at the second operation (United 
States Arms Medical Museum specimen 77602 ) 
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iree weeks’ duration The soreness had not been 
:\ere at any time, but dysphagia had been persistent 
luring this time he had also noted enlarged nodes in 
le back of the neck and the gradual appearance of a 
lass in the region of the thyroid gland Five days 
efore his admission an ulcer had developed on the 
iems His last sexual intercourse had been with a 
irostitute one month previously The past history was 
rrelevant There had been no previous enlargement 
f the thyroid 


On examination the patient did not appear acutely 
11 There was no fever or tachjcardia The tonsils 
lere enlarged, injected and superficially ulcerated A 
irra, smooth, slightly tender mass, about the size of a 
mall lemon, was present in the region of the right lobe 
if the thyroid This moved with swallowing and was 
lot attached to the skin The lymph nodes in the 
osteriftr cervical region were enlarged but not tender 
n the right parafrenal area of the penis a small, super- 
nal, sharply circumscribed, painless ulcer was seen 


Accessory clinical data showed a red blood cell count 
f 4,400,000, a hemoglobin content of 90 per cent and a 
'h'te cell count of 6,700, with 75 per cent polymorpho- 
uclear forms Urinalysis gave normal results Material 
rom the penile ulcer showed Treponema pallidum on 
ark field examination Kahn reactions were repeatedly 
ositive A Frei test gave a negative reaction and a 
Mtitgenogram of the chesf showed nothing abnormal 


The day following the patient’s admission, macular 
esions were noted over the antecubital regions, the 
ack and the legs Antisyphilitic therapy was given, 
e patient receiving an arsenical (mapharsen) mtra- 
U " Q usly twice weekly and bismuth subsalicylate intra- 
muscularly once a week With this treatment the 
tonsillitis rapidly subsided, the ulcer on the penis healed 
a "d the enlarged lymph nodes became smaller The 
j'^t l°be of the thyroid, however, became a little 
arger and remained firm and only slightly tender The 
s mn overlying the right lobe was somewhat reddened 
h(tl *' Xa *' ,0n onass was present There were 

of tl ^ am ’ n ° ^ ys P^ a S la ar >d no limitation of extension 
e nec k No systemic changes were present except 
a elevation of temperature from 99 0 to 99 8 F in the 
r^ rn ° ons ^he basal metabolic rate was + 4 Ap- 
proximately three weeks after the patient entered the 
P'lal fluctuation in the mass was elicited 

Pur S ] P,ratl ° n f°be of the thyroid yielded 

1 0 U . Cnt mat erial The abscess was then incised under 
ane sthesia, and about 75 cc of thick, yellowish 
outl^ IU ', rU,ent matena l vvas obtained The abscess cavity 
,^ n lae accur ately the entire right lobe of the thyroid 
hon f V-as nia ^ e encourage healing by granula- 
absc r ° m ^ le bottom of the wound by packing the 
5llv ,„’ SS . cavit - v with petrolatum gauze Despite this a 
0ri .° rmec * anc f was excised ten weeks after the 
^eah mcislon Another sinus formed, and final 
,*** no t ta kc place until four weeks later The 
f rom as rema ined healed since the patient’s discharge 
"ntm 1C ^ 10S P 1 ^’ f° ur months prior to the time of 
2 He feels well and is able to carrv on his 


full duties as a soldier There is nothing to suggest 
myxedema and no evidence of tubeiculosis elsewhere m 
the body 

Unfortunately the matenal obtained at operation vvas 
not stained for acid-fast bacilli nor inoculated into a 
guinea pig Dark field examination revealed no spiro- 
chetes Routine cultures of the pus were sterile Later 
cultures of the discharge during healing all showed 
Staphylococcus aureus A small mass of necrotic ma- 
terial removed at the first operation showed no cellular 
detail on histologic study, so that no diagnosis could 
be made When the sinus tract vvas removed the 
excised tissue showed tubercles and a few structures 
suggesting thy roid follicles Special stains of this 
tissue showed acid-fast bacilli 

COMMENT 

Louria and Louria stated “For undoubted 
proof of the existence of tuberculosis of the thy- 
roid gland, one would expect characteristic his- 
tological evidence, substantiated by the demon- 
stration of tubercle bacilli on culture of the tissue 
oi through guinea-pig inoculation ” However, 
Hedmger, Lediard, Corner, Halstead, Mosiman, 
Plummer and Broders and most subsequent in- 
vestigators have accepted the histologic evidence 
as adequate for a diagnosis of tuberculosis 

In the case presented some doubt may be 
justifiably expressed of the diagnosis of tuber- 
culosis in the presence of secondary syphilis Van 
Ravenswaay and Van Ravenswaay stated “It 
is probable that in lesions of clinical importance, 
after lues has been excluded, a diagnosis of 
tuberculosis can be made from the microscopic 
picture with a high degree of accuracy ” On 
a histologic basis alone, therefore, we would be 
unable to differentiate absolutely between syphilis 
and tuberculosis Tubercle bacilli, however, were 
demonstrated in the excised tissue, and on this 
basis there would seem to remain little doubt 
as to the cause of the lesion It may be mentioned 
that we were unable to find a reported case m 
which acute suppurative thyroiditis developed 
during primary or secondary syphilis 

It is possible, however, that during the acute 
phase of syphilis a locus mmoris resistentiae was 
created in the thyroid by the syphilis, thereby 
lowering resistance to such a point that the 
tubercle bacilli were able to initiate a pathologic 
process Our inability to demonstrate tuber- 
culosis elsewhere in the body does not detract 
from the exactness of the diagnosis Rankin 
and Graham found no tuberculosis elsewhere m 
their 21 cases, and no mention of tuberculosis 
elsewhere m reports of 91 of 97 cases m which 
adequate information vv as available In onl) 9 of 
the 26 reported cases of tuberculous abscess of 
the thjroid were tuberculous lesions found else- 
where in the bodv 
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The general incidence of disruption of wounds 
has been estimated to be from 1 5 to 2 per cent 
following abdominal operations 1 Over 1,400 
cases of such disruption have been recorded 2 
Since approximately 35 per cent of patients 
suffering such disruption of wounds die, 3 it can 
be seen that this complication presents a major 
surgical problem and accounts for a considerable 
number of postoperative deaths The increased 
moibidity which attends breakdown or delated 
healing of wounds is obvious Not only is the 
time of hospitalization and of recovery greatly 
prolonged, but the incidence of postoperative 
hernia is greatly increased 
In order to understand the mechanism of 
dehiscence of wounds it is necessary to under- 
stand the processes which normally occur to 
bring about the healing of surgical wounds The 
reader is referred to the excellent review article 
of Arey 4 and to the papers of Carrel, 5 * Harvey, 0 


From the Department of Pathology, University of 
Chicago 

1 (a) Hartzell, J B , and Winfield, J M Dis- 

ruption of Abdominal Wounds, Internat Abstr Sure 
68 585, 1939, in Surg, Gynec & Obst, June 1939 
(fi) Hinton, J W Allergy as an Explanation of 
IJehiscence of a Wound and Incisional Hernia, Arch 
Surg 33 197 (Aug) 1936 (c) Meleney, F L, and 

irlowes, E L The Disruption of Abdominal Wounds 
with the Protrusion of Viscera, Ann Surg 99 5, 1934 

2 Jenkins, HP A Clinical Study of Catgut in 
Relation to Abdominal Wound Disruption, Surg Gynec 
& Obst 64 648, 1937 Hartzell and Winfield la 

3 (o) Kraissl, C J Intrinsic Factors Altering 
™ Absorption of Catgut, Surg, Gynec & Obst 63 
561, 1936 (b) Maes, U , Boyce, F F, and McFetndge, 

, L 1 Postoperative Evisceration with an Analysis 
of b orb -Four Cases, Ann Surg 100 968, 1934 (r) 

Glenn, F and Moore, S W The Disruption of Ab- 
donunal Wounds, Surg, Gynec & Obst 65 16, 1937 
(tf) Fall is L S Postoperative Wound Separation 
Re\ lew of Cases, Surgerj 1 523, 1936 (e) Colp R 

Disruption of Abdominal Wounds, Ann Surg 99 14 

\\ j4 Disruption of Abdominal 

V ounds, ibid 99 39, 1934 ( g ) Grace, R. U Dis- 
ruption of Abdominal Wounds, ibid 99 28 1934 

Hartzell and Winfield la Meleney and Howes 
Jenkins 2 

4 Are\, L B Wound Healing, Ph>sio! Rev 
16 o2/, 1936 

5 Carrel, A The Process of Wound Healing 

Proc. Inst Med Chicago 8 62, 1930 


Loeb 7 and others 8 for a discussion of these 
fundamental processes 

Of the predisposing or causative factors w Inch 
lead to breakdown of wounds, it may be said that 
age and sex are probably not significant, since 
these vary widely, depending on the series of 
cases studied 0 Similarly, the site of abdominal 
incision does not appear to be an important 
factor Much has been written about the technic 
of closure of wounds with respect to decreasing 
the incidence of disruption, and some surgeons 
have reported that as the result of using certain 
prescribed technics the incidence of breakdown 
of wounds in their patients is almost ml 10 Yet 
these same technics fail m the hands of other, 
equally skilled, operators Suture material too 
has come under scrutiny as a possible factor 
leading to evulsion of wounds 11 It is common 


6 Harvey, S C The Velocity of the Growth 
of Fibroblasts in the Healing Wound, Arch Surg 18 
1227 (April) 1929 

. L Loeb > ^ A Comparative Study of the Mechanism 
of Wound Healing, J M Research 41 247, 1919 
8 Smelo, L S The Problem of Wound Healing, 
Arch Surg 33 493 (Sept) 1936 Hunt, A H The 
X'tamin C in Wound Healing, Brit J Surg 
28 436, 1940 Clark, A H The Effect of Diet on 
,f5 a *' n g of Wounds, Bull Johns Hopkins Hosp 
i? *">» 1 919 Dann, L , Glucksmann, A, and Tansley, 
The Healing of Untreated Experimental Wounds, 
Brit J Exper Path 22 1, 1941 Whipple, A 0 
A, Critical Latent or Lag Period in the Healing of 
Wounds, Ann Surg 112 481, 1940 Howes, E L, 
and Harvey, S C Recent Studies m Wound Healing, 
Yale J Biol & Med 2 285, 1930, The Clinical Sig- 
nificance of Experimental Studies in Wound Healing, 
Ann Surg 102 941, 1935 Howes, E L , Sooy, J W, 
and Harvey, S C The Healing of Wounds as De- 
by Their Ten sile Strength, JAMA 
v 42 /- Ja T 5) 1929 Hughes, A F W, and Dann, L 
ascular Regeneration m Experimental Wounds and 
Burns, Brit J Exper Path 22 1, 1941 Hertzler, 
A E The Newer Conception of Wound Healing as 
Applied to Practical Surgery, Am J Surg 7 293, 1929 

in r> ef ! j ns 2 Maes, Bovce and McFetndge 3b 
10 Baldwin, J F Disruption of Abdominal Wounds, 
_ m , - . S ur S 25 7, 1934 Kennedy, J W Tragedies 
ot the Abdominal Incision, ibid 25 512, 1934 Ramsdell, 
The Prevention of Wound Disruption, South 
Surgeon 2 495, 1940 

» S A . Casale, W , and Hinton, J W 

u ound Healing — Experimental and Statistical Study 
Results, Surg, Gynec & Obst 77 376, 1943 
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opinion that wounds repan ed with catgut are 
more liable to disiuption than aie wounds re- 
paired with nonabsoibable material, such as silk, 
silkworm gut 01 wire, and yet many cases of 
breakdown of wounds have been repoi ted despite 
the use of these nonabsorbable materials 12 In a 
senes of 22 cases i eviewed by Glenn and 
Moore Sc the incidence of disruption of wounds 
following closure with catgut was 0 6S pei cent, 
as compared with 0 61 per cent following the 
use of silk 

As fairly well established causes of disruption 
' or delayed healing of wounds, the following 
ma} be listed 13 


12 Madelung, 0 Ueber den postoperativen Vorfall 
ion Baucheingeweiden, Arch f khn Chir 77 347, 1905 
Hartzell and Winfield la 

13 Eliason, E L , and McLaughlin, C Postoperative 

Wound Complication, Ann Surg 100 1159, 1934 Nor- 
r> s i J D A Renew of Wound Healing and the 
Mechanics of Dehiscence, Surgery 5 775, 1939 White, 
" C Disruption of Abdominal Wounds, Ann Surg 
99 34, 1934 Sohaloff, S Das Aufplatzen der Bauch- 
'vunde nach Laparotomie nut Eventration bzw Freiliegen 
^ Emgeweide, Ergebn d Chir u Orthop 25 306, 
1932 Starr, A, and Nason, L H Postoperative 
Rupture of Abdominal Wounds, J A M A 100 310 
; 4) 1933 Milbert, AH A Study of Disrup- 

10K Abdominal Wounds, Arch Surg 31 86 (July) 

Glasser, S T Evisceration and Avulsion of 
Abdominal Wounds, Am J Surg 32 63, 1936 Free- 
S’ B Tb e Cause of Postoperative Rupture of 
Abdominal Incisions, Arch Surg 14 600 (Feb ) 1927 
h H M Abdominal Wound Rupture, S Clm 
“ or ™ America 8 123, 1928 Barlett, W Pitfalls in 
iur gery, Surg, Gynec & Obst 67 119, 1938 Thomp- 
son W D , Ravdin, I S , and Frank, I L Effect 
j^poprotememia on Wound Disruption, Arch Surg 
j *>0 (March) 1938 Thompson, W D , Ravdin, 
^ > Rhoads, J E , and Frank, I L Use of Lyophile 
, asma ln Correction of Hypoproteinemia and Preven- 
n ot Wound Disruption, ibid 36 509 (March) 1938 
■ 'dm, I s Hypoproteinemia and Its Relation to 
I’urgical Problems, Ann Surg 112 576, 1940 Koster, 
tr ’ . and Shapiro, A Serum Proteins and Wound 
paling, Arch Surg 41 723 (Sept ) 1940 Harvey, 
, n t , ’ Howes, E L Effect of High Protein Diet 
\Vn 0Clt y °f Growth of Fibroblasts in the Healing 

Mois T Ann Surg 91 641 ’ 1930 Smlth ’ A H ’ and 
| ar „ e ’ S The Rate of Compensatory Renal En- 

p a , ! '") cn t After Unilateral Nephrectomy in the White 
an !’, J fxper Med 45 263, 1927 Lenman, T H , 
Heal nga s ’ 3 ' M Vitamin C Deficiency and Wound 
An Experimental and Clinical Study, Ann 
P er ~ 103 616, 1937 Bourne, G H Vitamin C and 
\[ lr ,°| loured Tissue, Lancet 2 661, 1942 Taffel, 
Vitam I l arvey - s C Effect of Absolute and Partial 
Soc t?” ^ deficiency on Healing of Wounds, Proc 
Com ii PEr Bl01 A Med 38 S18 > 1938 Wolbach, S B 
Stu/ 0 r 4 Eormation of Collagen and Reticulum A 
CQ , of Ike Source of Intercellular Substances in Re- 
639 I ?™ Experimental Scorbutus, Am J Path 9 
\t’p 3 Menkm, V , Wolbach, S B , and Menkm, 
Formation Intercellular Substance bv the 
Per, nis Mation of Ascorbic Acid (Vitamin C) in Ex- 
3nd w ta v Scorb ntus, ibid 10 569, 1934 Wolfer, J A 
Wid B G The Significance of Cewtamic 

e cienc\ m Surgical Patients, Surg , G\ nec S- 


1 Faulty surgical technic or other factors 
leading to a reduced supply of blood to the 
healing wound 

2 Inadequate closuie of the wound, partic- 
ularly if this allows for an opening in the 
peritoneal membrane through which a wedge of 
omentum may be introduced 

3 Abdominal distention, coughing, violent 
activity on the part of the patient, etc , m the 
early postoperative period, leading to actual pull- 
ing apart of the margins of the wound 

4 Infection of the wound 

5 Hypoproteinemia 

6 Hypovitammosis C 

7 Such constitutional states as inanition, 
cachexia, severe anemia and jaundice 

In an appieciable number of instances, how- 
ever, none of these factors appears to be 
operating and yet the wound breaks down or 
heals poorly It is for this group that allergy 
to catgut has been suggested as an important, if 
not the most important, causative factor 
Babcock 14 was one of the first surgeons in this 
country to consider allergy to catgut seriously 
as an important causative factor m delated or 
abnormal healing of surgical wounds He stated 
that allergic reactions to catgut may be due to 
its major protein constituent (derived from 
sheep), to unremoved bacterial products or to 
special toxic substances In order to avoid an 
allergic reaction and its untoward effects, he 
advised the use of silk suture material m all clean 
wounds Hinton lb demonstrated positive reac- 
tions to catgut extract in 9 of 12 patients who 
had been previously operated on and concluded, 
“ it seems logical to assume that a certain 

percentage of patients might be considered 
allergic to catgut ” Whipple and Elliott 13 from 
their studies expressed “little doubt but that the 
local reaction in patients allergic to catgut pre- 
disposes to infection and favors Avound dis- 
ruption ” Langston 16 followed 54 patients 
during the vaiious stages of thoracoplasty and 
stated that the appearance of the wound v*as 
found to reflect directly the severitj of the pre- 

Obst 69 745, 1939 Wolfer, J A Surgical Aspects 
of Vitamin C Deficiency, S Clm North America 20 
225, 1940 Hartzell and Winfield la Hinton 3b Melene' 
and Howes lc Jenkins 2 Maes, Boice and McFetridge 2b 
Colp Se Grace. 3 e 

14 Babcock, W W Catgut Allergy, wit h a Note 
on the Vse ol Alley Steel Wire tor Sutures and Liga- 
tures, Am J Surg 27 67, 1935 

15 Whipple, A O , and Elliott, R E The Repair 
of Abdominal Incisions, Ann Surg 108 741 1938 

16 Langston, H T The Problem of Catgut Sen'i- 
tmW and Its Relation to Wound Healing Ann Surg 
115 141, 1942 
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operative reaction to the cutaneous test Bellas 17 
reported allergic cutaneous reactions to catgut in 
some of his patients and was sufficiently im- 
pressed by reactions to catgut sutures to say that 
“incisions heal not because of, but m spite of 
catgut ” From a study of 50 patients in whom 
disruption of surgical wounds developed Falhs sd 
concluded that “the clinical picture m the non- 
mfective cases suggests an allergic reaction ” 
Many experimental studies have been made to 
determine whether or not allergy to catgut is an 
important cause of disruption of wounds They 
have been positive and equally controversial m 
their results and m the conclusions to which they 
lead Marcliesam 18 obtained allergic inflamma- 
tory reactions to catgut implanted beneath the 
skm or to catgut extract placed m the conjunc- 
tival sac m animals sensitized to catgut and 
succeeded m demonstrating an antigenic rela- 
tionship between catgut and sheep serum by 
anaphylactic studies In the following year, 
1933, Moricom 19 was unable to confirm these 
results He failed to demonstrate allergic m- 
Tivnmation or humoral antibodies m rabbits into 
which had been injected either plain or iodized 
catgut Gratia and Gilson 20 sensitized guinea 
pigs to sheep serum, to horse serum and to a 
mixture of these two antigens After the intro- 
duction of strands of catgut or a powdered 
suspension of catgut intraperitoneally, they stated 
that the reaction “appears a little less intense m 
the guinea pigs sensitized to the serum of horse 
than in those sensitized to the serum of sheep ” 
These reactions were much more intense than 
those exhibited by normal guinea pigs Catgut 
which was soaked m antisheep rabbit serum for 
a long time provoked but a slight (normal) reac- 
tion when implanted into animals sensitized to 
sheep serum The authors concluded that catgut 
is an antigen which will cause an Arthus reac- 
tion w r hen introduced into an animal sensitized 
to sheep serum and stressed what they con- 
sidered the important relationship of such a 
reaction to the formation of postoperative adhe- 
sions Frugom, 21 however, was unable to dem- 
onstrate humoral antibodies in rabbits supposedly 

1/ Bellas, J E The Influence of Sutures upon 
Operatic e Wounds Review of Cases, Ann Sursr 112 
112, 1940 

18 Marchesam, O Ueber Catgutanaphylaxie, Ber 
u d Versamml d deutsch ophtb Gesellsch 49 233, 
1932 

19 Moricom, L Ricerca di proprieta antigena del 
catgut Rassegna mternaz di elm terap 14 2, 1933 

20 Gratia, A, and Gilson, O Le phenomene 
d’krthus, au catgut, cause insoupgonnee d’accidents 
post-operatoires, Mem Acad roc de med de 'Belgique 
(no 2) 25 1, 1934 

21 Frugom, P Sulla supposta allergia da catgut. 
Arch ital di chir 43 334, 1936 


allergic to catgut, nor could he demonstrate 
anaphylactms m guinea pigs which had been 
treated with catgut After the remtroduction of- 
catgut into the peritoneal cavities of sensitized 
animals, the only reactions which developed 
appeared to be nonspecific— responses to foreign 
material Kraissl, Kesten and Cimiotti 22 in- 
jected into guinea pigs plain catgut, chromicized 
catgut and chromic acid Subsequently abdom- 
inal incisions were made and repaired with 
catgut From 25 to 35 per cent of each of the 
three groups of sensitized animals had wounc 
disruption, as against none m the control group 
Tests to detect cutaneous sensitivity were made 
on 30 patients who had experienced disruption 
of wounds, and 19 of these patients gave positive - 
reactions to one or 'more of the test extracts 
More recently, Pickrell 23 was unable to induce 
a state of hypersensitivity to catgut m rabbits or 
guinea pigs by repeated injections of ground 
catgut or by implantation of strands of catgut 
He stated “One can finally conclude that 
although catgut, like any other suture material 
acts as a foreign body and causes slight leuko 
cytic response, it does not act as an antigen tc 
induce the hypersensitive state ” In contrast tc 
this V accaro and Cabezas 24 reported that catgut 
does possess antigenic and sensitizing properties 
and that aseptic inflammation, production of 
fibrous nodules and adhesions result from the 
mtraperitoneal implantation of catgut m sen- 
sitized animals They found that m such animals , 
absorption of catgut was delayed 

The experiments to be described here were 
designed to determine whether or not a state of 
hypersensitivity to catgut can be induced and, if 
so, what effect such hypersensitivity has on the 
healing of surgical wounds repaired with catgut' 
sutures 

MATERIAL AND METHOD 

As a working hypothesis it was considered hhelv 
that catgut per se, because of the probable denaturation 
of protein and the chemical alteration sustained during 
preparation and because of its relative insolubility, is a 
poor antigen It was postulated that sheep serum or 
sheep intestine might be more effective in stimulating 
the formation of antibodies to catgut than catgut itself 
For these reasons the following materials were used 
as antigens 


2 Kraissl, C J , Kesten, B M , and Cimiotti, J G 
The Relation of Catgut Sensitivity to Wound Healing, 
Surg, Gynec & Obst 66 628, 1938 

23 Pickrell, K L Studies on Hypersensitivity to 
Catgut as a Factor m Wound Disruption, Bull Johns 
Hopkins Hosp 64 195, 1939 Pickrell, K L, and 
Clay, R C Wound Disruption and Catgut Allergy 
An Experimental and Clinical Study, Surgery 15 335' 
(Feb) 1944 

24 Vaccaro, H , and Cabezas V , J Alergia al cat- 
gut y produccion de adherencias Estudio experimental' 
y cimico, Rev med de Chile 70 750, 1942 
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1 Plain surgical catgut (a heterogeneous mixture of 
remnants collected from the operating room) treated 
„th se\ eral changes of acetone and with petroleum 
benzene (petroleum ether), dried under reduced pres- 
sure and ground to a fine powder 

2 Sheep intestine, obtained fresh from the stock y ards, 
thoroughly washed, freed of mucosa and fat, minced, 
treated with acetone and ether, dried and ground to a 
tine powder 

3 Sheep serum 

Several extracts of catgut were prepared , the most 
potent of these w'as obtained by mixing finely powdered 
catgut with a tenth-molar solution of sodium In droxide 
(bcc per gram of catgut), Stirring constantly for fi\e 
minutes, quickly centrifuging and then adding tenth- 
molar hy drochlonc acid to bring the supernatant fluid 
to a /> H of 72 to 7 5 The solution wrns concentrated 
l) eiaporation from a cellophane bag The final yield 
1 cc of extract for each gram of powdered catgut 
ed. Although this solution was clear, it gave strongly 
Mtne biuret, xanthoproteic and Millon reactions for 
totem and yielded a heavy precipitate on the addition 
f tungstic acid 

Thirty -two rabbits and 36 guinea pigs were used in 
it first part of this study Rabbits were given multiple 
abcutaneous and intraperitoneal injections of sheep 
enim, sheep intestine or catgut, a single dose con- 
isting of 1 to 2 cc of sheep serum or 80 to 100 mg of 
k dried powder made into a heavy suspension wuth 
dine solution Injections were made at intervals of 
ram five days to three w'eeks Precipitin titers against 
keep serum were determined by the antibody dilution 
Method of Cannon and Marshall, 25 but for those against 
dgut and sheep intestine solid particles of these antigens 
* tre used instead of the usual coated carbon or collodion 
particles 


EXPERIMENTAL STUDIES 

Of three groups of rabbits, each animal re- 
Kued a total of seventeen injections of sheep 
' erum , sheep intestine or catgut over a period of 
a Pproximately six months, at the end of which 
Pme cutaneous tests were performed and anti- 
°dy titers determined Cutaneous tests were 
0ne after careful preparation of the test sites 
011 the preceding day Reactions were evaluated 
a ! hventy-four hours In figure 1 the average 
faction of each group of rabbits to (®) a tiny 
0o P of no 1 plain catgut implanted subdermally 
, n (&) 005 cc of sheep serum injected mtra- 
^rtnally is shown The degree of shading repre- 
■j^ ts Oie approximate intensity of erythema 
^ e Native size of the lesions was determined 
ac ^ Ua l measurement In the same groups of 
™ m . a,s (including 6 normal controls) 1 mm of 
lr ri e Pta'n no 000 catgut, 26 thoroughly washed 
dm °i, tubln S Ouid, was inserted into the anterior 
t j )e ' Tlber °f the eye This was accomplished with 
dies anirn al under pentobarbital sodium anes- 
! ne J, a ^ specially prepared 18 gage hypodermic 
stylet were used The point of the 

Iro\ P R , and Marshall, C E An Im- 

PreciTi,* , ro 0glc Method for the Determination of the 
]q^ p at "e Titres of Antisera, J Immunol 38 36o, 
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needle was intioduced into the anterior chamber, 
just central to the limbus, at 12 30 o’clock, with 
a minimum of trauma, and the piece of catgut 
was expelled from the lumen of the needle Re- 
actions were evaluated at thirty -six hours 
Those animals in which traumatic inflammation 
was severe oi in which hemorrhage occuried 
were discaided from the series The reactions 
tended to parallel, loughly, cutaneous reactions 
to catgut , howevei , reactions to operative trauma 
made exact evaluation of allergic inflammation 
impossible At thiee and one-half and seven 
days the lesions weie again carefully examined, 
but m most instances nonspecific foreign body 
reactions tended to mask any allergic inflamma- 
tion that might have been present at this time 



Fig 1 — Cutaneous reactions (Arthus) to catgut and 
to sheep serum in normal and in sensitized animals 


Humoral antibody titers against catgut and 
2 ep serum m the various groups are shown in 
I table These titers correlate well with the 
taneous reactions previously described It is 
parent that in animals treated only with catgut 
moral antibodies for and cutaneous sensitivity 
sheep serum develop A comparison of the 
Native antibody titers of animals sensitized to 
eep serum and of animals sensitized to catgut 
shown m figure 2 

From these results one might assume that 
eep serum, sheep intestine and catgut are 
ually effective in stimulating the production 
antibodies to catgut , how ever, m a P rel ™£ 
penment, with rabbits, after seven injections 
catgut or sheep intestine (compared . 
venteen m the present senes) a low ti 
ecipitms against catgut was obtained 
the animals treated with sheep 
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order to ascertain a state of hypersensitivity 
lery animal gave a positive reaction The re- 
aming horn was treated with the other antigen, 
ther sheep serum or catgut extract, as the case 
iglit be In each instance an anaphylactic reac- 
m was obtained on first exposure to this 
ltigen This treatment was lepeated several 
nes, with washing of the horn and an interval 
rreemery in between, until with the hoi ns of 
e animals sensitized to catgut sheep serum no 
nger gate an anaphylactic reaction In othet 
irds, antibodies specific for sheep serum in 
ese animals sensitized to catgut had been 
mpletely exhausted Subsequently, the strips 
:re exposed to catgut extract, and, as illustrated 


From Dr Francis O Schmitt 27 highly puufied 
pieparations of sheep collagen were obtained for 
testing with the anticatgut rabbit serum preu- 
ously described, to determine whether or not 
antibodies specific for collagen could be demon- 
strated Some technical difficulty was encoun- 
tered in preparing particles of optimum size from 
this substance foi the determination of precipitin 
titers , however, one of the samples, “of very high 
purity,” w-as agglutinated by anticatgut serum at 
a dilution of 1 80 A second sample, described 
as being of the “highest purity,” having been 
treated by enzymes m the final stages of prepat a- 
tion, was not agglutinated by serum at a dilution 
of 1 10 It is possible that in this second pi epa- 



, g 4 Anaphylactic reaction to extract of catgut in a preparation of uterine horn from a guinea pig activeh 
11 lzed t0 sheep serum During the course of the three exposures to sheep serum, antibodies specific for sheep 
um '■ere exhausted 


SHEEP SERUM 





CATGrU T 
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Component s\**ved by Component 

Ckt$vt ttrvm specific for 

catqot 

Fig 5— Probable antigenic relationship between catgut and sheep serum 


l ( J Ure 4, a typical anaphylactic reaction lt- 
These results demonstrate that at least 
£ r oups of antibodies are elicited as a result 
Ij 11 ] £ emc stimulation by catgut, one of which 
„ " ^h both sheep serum and catgut and 

•her er W ^ !c ^ 3S s P ec, fi c foi catgut The 
j n , r ' S< ' this was not established After as 
eri 35 c ^ ven reactions to catgut extract, the 
rum Sl! 'T an am mal sensitized to sheep 
4 Pons" aS Stl1 ^ ca P a b le °f slight anaphylactic 
t ?r ^ 011 a twelfth exposure to catgut extract, 
5 Ctlo ' ,c 1 this strip exhibited an anaphylactic 
■ 0ln ? (diminished) to sheep serum also 
■d\ a ^ resu ^ s was concluded that the most 
ten ? nt '^ enic re tationship between catgut and 
- er um is that shown m figure 5 


ration of collagen enzymatic action alteied anti- 
genic constituents which may have been present 
It is also possible that the positive reactions with 
the one sample of collagen might have been the 
result of some impurity (sheep serum protein) 
With the demonstration that antigens from 
sheep serum are present in catgut, the possibility 
arose that perhaps antigens of sheep erythrocytes 
might also be present and that, since sheep 
erythrocytes are an excellent source of heter- 
oplule antigen, there might be some relationship 
between heterophile antibodies and antibodies for 
catgut Such a relationship, if it existed, might 
be of importance, since approximate h 4 per cent 

27 Of the Department oi Biologa and Biological 
Engineering Massachusetts Institute ot Technology 
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of human beings normally possess heteroplnle 
antibodies m their blood and since during certain 
conditions, notably infectious mononucleosis, the 
heteroplnle antibody titer reaches a high level 
It was thought that these heteroplnle antibodies 
might provide a mechanism by which persons 
could become hypersensitive to catgut without 
ever having contacted this substance or without 
having a manifest allergy to sheep serum To 
investigate this possibility rabbits were given re- 
peated injections of heteroplnle antigen (a sterile 
emulsion of guinea pig kidney) over a penod of 
several months until a maximum titer of 1 480 
was obtained against washed sheep erythrocytes 
Cutaneous tests with catgut weie made and 
precipitin titers against catgut determined as 
befoie Also, portions of catgut were introduced 
into the antenor chambers of the eyes of these 
animals In no instance was there any indication 
of sensitivity to catgut Because of the rather 
low heterophile antibody titers of this gioup of 
rabbits, serum was obtained from persons re- 
covering or recently recoveied from infectious 
mononucleosis One of these serums agglutinated 
washed sheep erythrocytes at a dilution of 
1 1,920 (others at a dilution of 1 480) Anti- 
bodies to catgut were not demonstrable in any 
of these human serums 

COMMENT 

From the experiments here presented, it is 
evident that hypersensitivity to catgut can be 
consistently produced experimentally m animals 
and that either sheep serum or catgut (or its 
antecedent, sheep intestine) is capable of inducing 
this state Some investigators may have failed 
to induce sensitivity m animals following injec- 


tion of catgut because too little of this substance 
was used and/or because the period of treatment 
was too short It will be recalled that as much 
as 700 mg of finely powdered catgut admin- 
istered over a penod of one and one-half months 
failed to stimulate demonstrable humoral anti- 
bodies to catgut, whereas 1,700 mg of this sub- 
stance given over a six month period did induce 
hypersensitivity (1,700 mg of catgut [dry 
weight] represents a 915 cm length of size no 0 
plain catgut) The effects of hypersensitivity to 
catgut on the healing of surgical wounds repaired 
with catgut sutures will be the subject for 
analysis in a subsequent paper 

SUMMARY AND CONCLUSIONS 

Hypersensitivity to catgut has been produced 
in rabbits and guinea pigs, as shown by positive 
cutaneous reactions, positive reactions to catgut 
implanted in the anterior chamber of the e> e and 
demonstiation of humoral antibodies (precipitms, 
agglutinins, complement-fixing antibodies and 
anaphylactms) in vivo and m vitro 

Catgut, sheep intestine or sheep serum is 
capable of inducing this hypersensitn e state 
In addition to antibodies which will react with 
either catgut or sheep serum, catgut stimulates 
the production of antibodies specific for itself 
These antibodies specific for catgut may also he 
specific for collagen or for mucoprotein 

Heteiophile antibodies do not react with 
catgut 

The effects of hypersensitivity to catgut on the 
healing of surgical wounds repaired with catgut 
sutures will be the subject for analysis m a 
subsequent paper 

950 East Fifty-Ninth Street 



ROLE OF ALLERGY IN DELAYED HEALING AND IN 
DISRUPTION OF WOUNDS 

II EFFECT OF SPECIFIC SENSITIVITY TO CATGUT ON REACTION OF TISSUES TO ^CATGUT 
SUTURES AND ON HEALING OF WOUNDS IN THE PRESENCE OF CATGUT SUTURES 

HOWARD c HOPPS, MD 

CHICAGO 


In a previous report 1 the general problem of 
delayed healing and disruption of wounds was 
discussed and experimental evidence was given 
to support the fact that hypersensitivity to cat- 
gut can be produced in animals by adequate 
antigenic stimulation The experiments to be 
described m this paper were designed to evalu- 
ate the effects of such hypersensitivity on the 
reaction of tissues to catgut sutures and on the 
healing of surgical wounds repaired with catgut 

MATERIAL AND METHOD 

Eighty-eight rabbits were used in this study Plain 
and chromicized catgut, sizes no 0 and no 1, were used 
throughout the experiments In all operative procedures 
the technics commonly used in surgical practice were 
employed to maintain asepsis Operative sites were 
carefully prepared by shaving, scrubbing with soap and 
water and thoroughly cleansing with a solution of 1 per 
cent iodine in 70 per cent alcohol Laparotomies were 
done with the animals under pentobarbital sodium anes- 
thesia The incisions were paramedian and S cm long, 
extending 2 cm from the pubis These wounds were 
carefully closed in three layers with no 0, plain, non- 
boilable catgut, 2 which had been thoroughly washed 
free of tubing fluid in several changes of sterile isotonic 
solution of sodium chloride Abdominal wounds were 
cohered with massive sterile dressings and a binder, 
which in most instances were left in position until the 
ourth postoperative day A second type of operation 
was done m which single strands of catgut were im- 
planted into the pectoralis major or the trapezius 
muscle of rabbits An initial small cutaneous incision 
was made to expose the muscle The catgut was mi- 
P anted in the form of a loose loop, which was firmly 
wd, and the cutaneous incision (which did not directly' 
o\erhe the catgut) was closed with metal wound clips 
o dressing was applied All biopsy specimens were 
ln Zenker’s fluid, embedded in celloidm, cut into 
sec ions 10 to 16 microns thick and stained with hema- 
toxxhn and eosin 

EXPERIMENTAL STUDIES 
In five senes of rabbits, catgut was implanted 
nito muscle as described In these series were 
nic tided IS normal rabbits, 10 sensitized to sheep 

Chicago 1 ^ e P artmen t of Pathology, University of 

Hrali^°Wj’ H C The Role of Allergy in Delated 
r u ’ K an “ 111 Disruption of Wounds I Antigenicitv 
^ at gut, Arch Surg, this issue, p 438 
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serum, 19 sensitized to sheep intestine, 16 sensi- 
tized to catgut and 6 immunized against hetero- 
phile antigen In all of these treated animals, 
with the exception of those immunized against 
heterophile antigen, precipitins to catgut had 
been demonstrated Titers ranged from 1 20 
to 1 640, with an average of about 1 100, by 
the antibody dilution method From one to 
three sti ands of catgut were implanted at opera- 
tion Biopsies were made at intervals of from 
one to five days A total of 142 such biopsy 
specimens was studied Although considerable 
variation in the reaction of tissue to suture ma- 
terial was evident within each group, among the 
groups taken as a whole there was no significant 
variation in the reactions at one, two, three and 
a half or five days to either plain or chromicized 
catgut 3 Average reactions to catgut at two days 
are shown by the photomicrographs m figure 1. 

From these results it appeared unlikely that 
allergic reaction to catgut was a significant factor 
in the pathogenesis of disruption of wounds It 
was considered advisable, however, to produce 
abdominal wounds in animals sensitized to cat- 
gut and in normal animals, repair these wounds 
with catgut sutures and observe the course of 
their healing over a sufficient period to allow for 
disruption, if that was going to occur This 
was done with 10 normal rabbits and 9 rabbits 
which had received multiple injections of a mix- 
ture of sheep serum and finely powdered sheep 
intestine over a period of two and one-fourth 
months In the latter group antibodies to cat- 
gut and to sheep serum had been demonstrated 
Abdominal wounds were produced as previously 
described and carefully inspected at four, seven 
and nine days postoperatn elv One sensitized 
animal showed slight focal erjthema of the 
margins of the wound, and another exhibited 
moderate induration about one of the sutures 
In neither of these was there anv apparent cfTect 
on the normal rate of healing A third sensi- 

3 Davis and Geek ‘ Thermoflex nonboilable. plain 
no 1 catgot Johnson £. Johnson * Ethicon ’ nonboilab'e, 
plain no 0 catgut, Scannlm tuenn da\ cnrcmic -o 1 
catgut 


445 





HOPPS—ROLE OF ALLERGY IN DELAYED HEALING 


447 


lesion (fig 3), and the othei exhibited seveial 
smaller but otherwise similai foci No nidus of 
foreign material was evident m any of these 
tuberculoid nodules, nor did they resemble the 
occasional focal lesions which were definitely 
related to foreign body particles 

COMMENT 

Catgut is antigenic, and sufficient sensitivity 
can be established to it so that a weakly positive 
Arthus reaction can be elicitied from implan- 
tation of a strand of this material subdermally 


or into the anterior chamber of the eye 1 In 
spite of this, however, disruption or appreciably 
delayed healing of wounds does not occur when 
animals sensitized to catgut are operated on and 
their wounds repaired with catgut sutures The 
a pparent paradox between the presence of hu- 
mora! antibodies to catgut and the failure of 
tissues of specificalh sensitized animals to gne 
rise to allergic inflammation on contact with 
cat gut probably rests on the fact that catgut is 
r elati\ el} insoluble It is well known that cat- 
S l 't sutures may persist in the tissues for weeks 
0r e\en months'* This relative insolubility is 
well demonstrated by a simple experiment m 


which finely powdered catgut is treated with a 
5 per cent solution of sodium chloride and con- 
stantly stirred foi foui houi s at a pn of 4 5 or S 
and the supernatant is concentrated ten times 
by evaporation from a cellophane bag and tested 
for protein A faintly positive biuret reaction 
is obtained only after a delay of approximately 
thirty minutes A situation analogous to this 
was brought out by Dr Taliaferro in his dis- 
cussion of antigen-antibody reactions to metazoan 
parasites 5 He stated “The pow'dered cuticle 
of Ascans lumbricoides vai sei urn is highly anti- 


genic and serum from intected rabbits exhibits a 
high anticuticle precipitin content but tlK^e 
antibodies do not react with the cuticle of the 
larvae [in the tissues of sensitized animals] 
because of the insolubilite of the cuticle in the 
li\ mg w orm ’ 

It has been stated by eanous obser\ers that 
the absorption of catgut is greatly increased m 

4 Fenz, H Catgut and Collagen Surger\ JO 32i 
1941 

5 Taliaierro, \\ H ■\ntisen-'\nnb!>d\ React’f" 
m Immumt\ to Metazoan Paracites Proc In«t Med 
Chicago 14 35S 1943 
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certam persons Heyd G spoke of a type of 
person in whom catgut may be completely dis- 
solved before the tensile strength of the wound 
is sufficient to maintain closure Hinton 6 7 8 9 re- 
ferred to the “warning note by all authors as 
to the peculiar capacity of the tissues of some 
persons to digest catgut completely ” Kraissl s 
reported that of 56 cases of disiuption of wounds 
in every case in which the appearance of the 
sutures was described (19) they were observed 
to be completely or almost completely digested 
Langston ” described a case of such digestion of 


Howes 10 stated that in the presence of fluids 
such as isotonic solution of sodium chloride or 
blood serum the tensile strength of catgut is 
moderately diminished and that in an inflam- 
matory exudate catgut, either plain or chromi- 
cized, loses tensile strength rapidly However 
this may be, in rabbits with demonstrable hyper- 
sensitivity to catgut absorption of catgut sutures 
m the tissues is not increased appreciably during 
the critical period of healing of the wound This 
observation is substantiated by the recent studies 
of Vaccaro and Cabezas, 11 who demonstrated 



Lg 3 —Photomicrograph (X 56) showing a tuberculoid lesion m a healing wound of a rabbit sensitized to 
catgut nine da\s after operation (stained with hematowlm and eosin) 


sutures in a patient who gave a positive reaction 
to a cutaneous test with catgut extract In a 
discussion of factors which determine the loss 
of strength of catgut when embedded in tissue 

6 He\ d, C G Disruption of Abdominal Wounds 
Ann Surg 99 39, 1934 

7 Hinton, J W Alterg\ as an Explanation of 
Dehiscence ot a Wound and Incisional Hernia Arch 
Surg 33 197 (Aug ) 1936 

8 Kraissl, C J Intrinsic Factors Altering the 
Absorption of Catgut, Surg Gmec & Obst 63 561, 
1936 

9 Langston, H T The Problem of Catgut Sensi- 

tiut% and Its Relation to Wound Healing, Ann Surg 

115 141, 1942 


that m rabbits and guinea pigs which had been 
sensitized to sheep serum or catgut, absorption 
of catgut implanted into the peritoneal cavity 
was delayed 

It may appear difficult to leconcile this fact 
with the demonstration that rabbits sensitized 
to catgut manifested a positive Arthus reaction 

10 Howes, E L Factors Determining the Loss of 
Strength of Catgut When Imbedded m Tissue, J A 
M A 90 530 (Feb 18) 1928 

1 1 Vaccaro, H , and Cabezas, V J Alergia al 
catgut y produccion de adherencias Estudio experi- 
mental \ climco, Rev med de Chile 70 750, 1942 
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to catgut implanted subdermally 1 It will be 
recalled, however, that such a reaction was slight 
and characterized principally by erythema It 
is logical to assume that the slight cutaneous re- 
actions which were observed in the abdominal 
wounds of 2 sensitized animals, as previously 
described, represent a similar degree of allergic 
reaction and that the tuberculoid lesions described 
in the deeper tissues of several of the wounds 
also indicate an altered response to catgut by 
rabbits hypersensitive to catgut Ihe allergic 
inflammatory reaction to catgut implanted into 
the anterior chambers of the eyes of specifically 
sensitized rabbits is somewhat diffeient There 
the suture material is in a fluid medium and, 
according to Howes, susceptible to more rapid 
dissolution tHarf could be expected in sterile solid 
tissue Although Hektoen and Carlson 12 showed 
that the aqueous normally contains few anti- 
bodies even in an animal with a high humoral 
antibody titer, any procedure by which large 
particles of foreign matenal are introduced into 
this chamber should afford sufficient trauma to 
allow for a considerable increase in permeability 
of the encapsulating membrane and a ready en- 
trance of antibody protein 

12 Hektoen, L , and Carlson, A J On the Dis- 
tribution of Antibodies and Their Formation b> the 
Blood, J Infect Dis 7 319, 1910 


It is possible that under certain conditions m 
which the solution of catgut sutures in tissues is 
greatly accelerated a significant allergic inflam- 
matory reaction might result if the affected per- 
son were hypei sensitive to catgut Under such 
circumstances, however, the hastened absorption 
of suture material with accompanying loss of 
tensile stiength would represent the primary de- 
fect and would probably be sufficient basis in 
itself for disruption of the wound 

SUMMARY AND CONCLUSIONS 

In animals wdnch are hypersensitive to catgut 
evidence of slightly heightened reaction of the 
tissues to catgut sutures has been observed 

There is no appieciable difference between 
normal rabbits and rabbits sensitized to catgut 
in the rate of dissolution or digestion of cat- 
gut sutures during the critical period of healing 
of wounds 

There is no significant difference betw een 
normal rabbits and rabbits sensitized to catgut 
m the healing of laparotomy wounds repaued 
with catgut sutures 

The absence of significant allergic reaction to 
catgut in the w ounds of animals sensitized to cat- 
gut is attributed to the relatne insolubility of 
catgut sutures 

950 East Fiftv-Ninth Street 
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Local anaphylaxis has been suggested as a 
mechanism which provokes disruption or delayed 
healing of surgical wounds Catgut sutures have 
been considered the offending allergen in such 
instances As a direct effect of antigen-antibody 
reaction within the wound, premature dissolution 
of catgut and/or increased inflammatory reaction 
have been postulated In a preceding study, 1 
evidence was presented to show that premature 
dissolution of catgut or significant inflammatory 
response does not occur m the tissues of specifi- 
cally sensitized animals on contact with catgut, 
because of the relative insolubility of this mate- 
rial The effect of local anaphylactic reaction 
within the tissues of a healing wound thus te- 
rns to be investigated In order to determine 
is effect, a new mechanism was sought, one by 
which a local concentration of soluble antigen 
and specific antibody at the site of the healing 
wound could be effected 

Auer, 2 m 1920, first demonstrated that at the 
site of an early mild inflammatory reaction a 
massive severe inflammation could be superim- 
posed by parenteral administration of a large 
dose of antigen to a specifically sensitized animal 
He produced severe inflammatory reactions and 
necrosis m the ears of rabbits sensitized to horse 
serum by gently rubbing the ears with xylene 
and then injecting 10 cc of horse serum mtra- 
pentoneally Auer described this reaction as 
“local autoinoculation of the sensitized organism 
with foreign protein” and attributed the resultant 
inflammatory response to a primary, local ana- 
phylactic reaction He expressed the opinion 
that this reaction was a variation of the Arthus 
phenomenon, differing from it, for one thing, in 
that “the sensitized animal reiniects itself where 

From the Department of Pathology, University of 
Chicago 

1 Hopps, H C Role of Allerg} in Dela>ed Heal- 
ing and m Disruption of Wounds II Effect of 
Specific Sensitmty to Catgut on Reaction of Tissues to 
Catgut Sutures and on Healing of Wounds in the 
Presence of Catgut Sutures, Arch Surg, this issue, 
p 445 

2 Auer, J Local Autoinoculation of the Sensitized 
Organism with Foreign Protein as a Cause of Ab- 
normal Reactions, J Exper Med 32 427, 1920 


there are inflammation and edema, providing 
that some of the antigen is circulating, the 
amount being so dilute that it is ineffective undei 
ordinary conditions ” In recent studies on the 
mechanism of the Arthus reaction, by Cannon 
and Marshall, 3 it has been demonstrated that 
this phenomenon is related definitely to the pres- 
ence of precipitins m the blood and that the 
intensity of such a local anaphylactic reaction 
parallels the precipitin content of the blood If it 
is admitted that the phenomenon of ArtVms and 
that of Auer are analogous, it becomes necessan 
to go one step further than Auer did in explain- 
ing the mechanism by which lqcal anaphylaxis 
occurs It must be assumed that not only is 
antigen concentrated locally m the area of 
primary inflammation, but antibody, from the 
blood, is concentrated there as well 

Inasmuch as a fresh surgical wound repie- 
sents a focus of early acute inflammation, it was 
considered that under proper conditions cn- 
culatmg antigen and antibody might localize 
there A quotation from the introductory para- 
graph of Auer’s paper on local anaphylaxis is ol 
special significance m this respect “While test- 
ing the sensitiveness of a number of dogs which 
had been treated with horse serum some years 
previously, and employing heavy doses of horse 
serum for the reinjections, it was observed that 
a peculiar edema developed at the site of tilt 
operation wound m the inguinal region This 
edema was noted about two days after the test 
and formed a fairly extensive, >thick brawn' 
mass of tissue ” 

It is generally accepted that disiuption of the 
wound is more prone to occur when an abdom- 
inal operation is done in the face of preexisting 
infection, such as pelvic abscess or peritonitis 
Although this increased incidence of breakdown 
of the wound may be m response to direct infec- 
tion of the wound, the possibility of yet another 
mechanism appears In the presence of a well 
localized infection, the patient may be assumed 

3 Cannon, P R , and Marshall, C E Studies on 
the Mechanism of the Arthus Phenomenon, J Immunol 
40 127, 1941 
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to ha\e a rather high degiee of imnumtt\ oi 
sensitivity to the sjiecific mtcetious agent and a 
high humoral antibody titer As the tcsult of 
operative manipulation of such a localized in- 
fectious lesion, an appi enable amount of dead 
or lning bacteria and then products may he 
torced through the protective hauler of gianula- 
tion tissue to enter the general circulation 
Under these conditions all of the necessan 
requirements for tiie de\elopmcnt of an Auei 
reaction would he fulfilled (1) the surgical 
wound, providing a localizing lesion, (2) the 
chronic infection, stimulating a high humoral and 


was produced, as demonstrated by strong!} positive 
cutaneous reactions (Arthus) and by high precipitin 
titers of the serums, averaging 1 1,500 in either group, 
as determined by the antibody dilution method of 
Cannon and Marshall 

\bdominal operations were performed under strict 
aseptic precautions m the same manner as described 
m preceding experiments 1 The abdominal wounds were 
paramedian and 8 cm long They were carefully 
closed in three Ia}ers either with plain, no 0, nonboilable 
catgut' 1 from which tubing fluid had been thoroughly 
w ashed - or w ith silk Wounds were covered with 
massive sterile dressings and tight binders, which were 
left intact until the fourth postoperative day Ten 
cubic centimeters of 0 35 per cent egg albumin or 10 cc 
of 35 per cent horse serum (in saline solution) was 



J 


Pig 1 —Photographs illustrating the gross appearance of abdominal wounds at seven days in (A) normal rabbit 
and (B and C) 2 rabbits sensitized to horse serum Each animal received horse serum mtravenousl} immediately 
after the operation Note that for the animal in C silk was the suture material used (An interrupted hori- 
2 °ntal mattress stitch was used to close the cutaneous layer ) 




tissue antibody titei, and (3) manipulation 
°f the localized infectious process, allowing foi 
the introduction of specific antigen into the blood 
stream To test this hypothesis, the following 
e ^periments were done 

MATERIAL AND METHOD 

Sixty-cme rabbits were used in this study Rabbits 
"® re sensitized to either horse serum or crystalline egg 
a btmun by multiple intramuscular injections of these 
substances adsorbed on aluminum hydroxide get, after 
e method of Hektoen and Welker, 4 with additional 
subcutaneous injections of horse serum or 1 per cent 
solution of egg albumin A high degree of sensitivitv 


injected into the marginal vein of the ear over a period 
of fifteen to thirtv minutes immediately after operation 
to specifically sensitized and to control animals 

Biopsy specimens w ere fixed in Zenker’s fluid, em- 
bedded m celloidin and sectioned at 10 to 16 microns 
Sections were stained with hematoxylin and eosin, 
and also with a combination of Bielschowskv s silver 
impregnation method with Hansen’s modification of 
Van Gieson’s stain for collagen 


4 Hektoen, L, and Welker, W H Precipitin 
Production m Rabbits Following Intramuscular Injec- 
tion of Antigen Adsorbed by Aluminum Hydroxide, J 
Infect Dis 53 309, 1933 

5 Johnson <&. Johnson “Etlucon” suture 
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EXPERIMENTAL STUDIES 

Laparotomy wounds were made m 37 rabbits 
Sixteen of these animals had been sensitized to 
horse serum and 15 to crystalline egg albumin 
m the manner described Six were normal 
animals Of these 31 sensitized animals, 25 
received specific antigen intravenously after 
operation The remaining 6 received foreign 
protein (egg albumin or horse serum) other than 
that to which they were hypersensitive The 6 
normal rabbits received egg albumin or horse 
serum also Thus, within the control group of 


hyperemia of the margins of the wound Most 
of the animals of this group exhibited edema 
and hyperemia of the margins of the wound and 
a moderate degree of serosangumeous exudation 
It is of special interest that, of the 3 animals 
whose wounds were repaired with silk sutures, 
m 1 separation of the upper layers of the wound 
developed gnd m another there was gaping of 
the margins of the skin (fig 1) In this group 
the reactions of the animals sensitized to horse 
serum and of those sensitized to egg albumin 
were essentially similar The intensity of the 
reactions tended to parallel the precipitin titers 




Flg , * Photomicrograph (x 40) showing the appearance of the margins of the wound (deep) at nine days 
%? rabblt sensitized to horse serum which was given horse serum intravenously immediately after the operation 
(istained with hematowhn and eosm ) J * 



12 rabbits any nonspecific effects attributable to 
a state of hypersensitn ity or to the introduction 
ot foreign protein could be determined 
Twelve of the sensitized rabbits receiving 
specific antigen died of anaph) lactic shock An 
additional animal was discarded from this series 
because of mtection of the wound Of the re- 
maining 11 animals, in 2 frank separation of the 
upper lasers of the wound developed (without 
actual evisceration) and 7 exhibited gaping of 
the margins of the skin In 2 animals an un- 
toward reaction was limited to induration and 


of the serums, which varied from 1 960 to 
1 1,920 Of 12 control animals, infection of 
the wound developed in 1 and another dislodged 
its abdominal dressing and traumatized the 
wound, with resultant partial separation of the 
cutaneous layer In the remaining 10 controls, 
separation of the layer of skm developed m 
only 2, and over but a portion of the wound 
These 2 animals did not exhibit the degree of 
edema and hyperemia seen m the specifically 
sensitized group, nor was there serosangumeous 
discharge from their wounds 
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Nine <la\s alter operation, luops\ specimens 
were taken through the rounds at right angles 
to the plane of incision and the tissues prepared 
for microscopic examination Tissues u ere cm e- 
ftilh studied with special consideration of the 
following points general reaction (mflaminaton, 
prohteratne and degeneratne), degree of fibro- 
plasia reaction to sutures state of sutures (intact 
fragmented etc ) edema and pi csencc and extent 
of deposition of fibrin In 4 of the 11 sensitized 
animals which recened specific antigen after 


the intact portions of tissue On examination 
of the area of incision under low magnification, 
the number of inflammatory cells appeared about 
the same in the two groups of animals On 
closer scrutim, however, it w»as seen that the 
t\ pcs of inflammatory cells present differed sig- 
nificant , the ratio of macrophages to fibroblasts 
was considerably greater in the animals into 
which specific antigen had been injected after 
operation In biopsy specimens from this group, 
under high power magnification, fields w'ere often 



Fig 3 —Photomicrographs (X630) of sections taken across the plane of incision of laparotomy wounds 
dajs postoperatively from (A) a normal rabbit and (B) a rabbit sensitized to horse serum Both received 
horse serum intravenously immediately after operation Note the sparseness of fine reticulum and the absence of 
collagen m (B), although macrophages are plentiful This wound partially disrupted (Stained with a combina- 
tlon of Bielschowsky’s silver impregnation method with Hansen s modification of Van Gieson’s stain for collagen ) 


operation, there was evident frank separation of 
file margins of the wound m the deeper layers of 
tj ssue (fig 2) This was observed in none of 
the controls, although m 2 animals there was 
separation of muscle from subcutaneous tissue 
jo a plane parallel to the surface of the skin 
There was no significant dififeience between the 
two groups of animals m the reaction to the 
sutures or in the state of the sutures, and, sur- 
prisingly, no appreciable difference in the degree 
general inflammatory reaction m the plane of 
incision or m the amount of edema present in 


found directly m the line of incision m which not 
a single fibroblast could be seen, although macro- 
phages were plentiful (this was nine days post- 
operatively) As a general rule, m the latter 
group of animals the reticulum was finer and 
sparser and there was much less collagen than 
was found m control animals (fig 3) This 
difference appeared sufficient to explain the 
structural weakness and the resultant disruption 
of wounds w'hich were observed 

When biopsy specimens from this series of 
animals w’hich had received foreign protein intra- 
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venously after operation were compared with 
those from a group of 19 animals which had been 
subjected to a similar operative procedure but 
which had not received foreign protein intra- 
venously, it was observed that m the animals of 
the former group considerably more degenerative 
changes m skeletal muscle had occurred at the 
site of the laparotomy w ound There was waxy 
degeneration of many of the fibers , others ex- 
hibited necrosis and were m the process of being 
digested by macrophages These changes were 
essentially similar m all the animals which had 
received either horse serum or egg albumin after 
operation, regardless of whether or not they had 
been previously sensitized to the injected protein 
These changes did not appear to alter significantly 
the rate or quality of the healing of the wound 
and they were not associated, at nine days, with 
an acute inflammatory reaction 

Two other experiments were carried out for 
reasons which will be considered later In each 
of these, rabbits sensitized to horse serum and 
to crystalline egg albumin were used The method 
of sensitization and the degree of hypersensitivity 
were similar to those previously described In 
the first of these experiments, 12 rabbits were 
used Three of these were hypersensitive to 
horse serum and 3 to egg albumin, 6 weie 
normal controls Tiny loops of plain, no 0 cat- 
gut, thoroughly washed to eliminate tubing fluid, 
w ere implanted subdermally m the ventral surface 
of the abdomen (Cutaneous surfaces had been 
carefully shaved the preceding day ) Imme- 
diately after this procedure 10 cc of 35 per cent 
horse serum was given intravenously to the 3 
animals sensitized to horse serum and to 3 
normal controls The 3 animals sensitized to 
egg albumin and the remaining 3 normal controls 
received 10 cc of 0 35 per cent solution of egg 
albumin Two of the 6 sensitized animals died 
of anaphy lactic shock In the remaining 4 there 
was no significant difference in the reaction to 
implanted catgut at twelve, twenty-four, forty- 
eight or sixty hours In the second experiment 
a different sort of inflammatory agent was used, 
the undiluted tubing fluid from boilable catgut 
Tubing fluid of boilable catgut is essentially sim- 
ilar m composition regardless of the type or 
brand of catgut selected It consists, m major 
part, of homologs of benzene, such as toluene or 
xylene It has been recently demonstrated by 
Jenkms and Dunham 0 that this substance pro- 
v okes a severe degree of inflammation on contact 
with tissues Tubing fluid of boilable catgut m 


6 Jenkms, H P, and Dunham, C L Irritant 

Properties of Tubing Fluids as a Factor in the Tissue 
Reactions Observed with Surgical Gut (Catgut), Ann 
Surg 118 288, 1943 


0 1 cc amounts was injected mtradermally into 
the ventral surface of the abdomen m 6 sensitized 
and 6 normal animals, which were then given 
an intravenous injection of horse serum or egg 
albumin m the same manner as described pre- 
viously Four of the 6 hypersensitive rabbits 
survived the injection of specific antigen At 
twenty-four, forty-eight and sixty hours a sig- 
nificant difference was observed between the 
reactions of the sensitized animals and those of 
the control animals In the control animals a 
fairly well circumscribed area of acute inflam- 
mation developed which on the average measured 
approximately 1 5 cm m diameter A small 
area of central necrosis was present m most 
instances In the sensitized animals, however, 
the area of inflammation was less well circum- 
scribed and 50 to 100 per cent larger Central 
necrosis was more extensive and less well defined 
These observations demonstrate the potency of 
tubing fluid as an inflammatory agent and show 
that inflammation produced by T such a substance 
will, under proper circumstances, provoke an 
Auer reaction, whereas catgut per se is relatively 
innocuous m this respect 

COMMENT 

It has been demonstrated in the preceding 
section that the healing of laparotomy wounds is 
profoundly altered in rabbits previously sensi- 
tized m which specific antigen is reinjected post- 
operatively In normal as well as m sensitized 
control animals which receive nonspecific foreign 
protein, laparotomy wounds heal without sig- 
nificant untoward reactions In an interpretation 
of these observations, the most obvious explana- 
tion is that a local anaphylactic reaction plays a 
predominant part With this, however, there 
are other possibilities to be considered 

Local Anaphylactic Reaction — Auer consid- 
ered that local autoinoculation of the sensitized 
animal was accomplished by the passage of spe- 
cific antigen into the inflammatory lesion as a 
complement of the edematous fluid which accu- 
mulated there and that m the case of an operative 
wound “the amount of foreign protein acting 
locally would be increased by the oozing of 
blood, serum, plasma and lymph into the wound 
from the severed blood and lymphatic capillary 
channels all of which contain the antigen ” From 
more recent studies concerning the localizing 
action of inflammatory' lesions, 6 7 an additional 

7 Burrows, H Some Factors in the Localization 
of Disease in the Body, New York, William Wood & 
Co , 1932 Fox, J p The Localization and Con 
centration of Blood-Borne Antibodies and Colloidial 
Dje m Areas of Inflammation of Various Ages, 1 
Immunol 31 293, 1936 Rigdon, R H Capillan 

(Footnote confumed o»t nevi page) 
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mechanism to explain local automoculation is 
suggested It has been show n that acute inflam- 
matory processes localize and concentrate such 
ntal djes as trypan blue, Chicago blue and Evans 
blue when gnen intravenously and that protein 
substances too, c g, hemolysins, agglutinins 
and antitoxins, maj be localized under such con- 
ditions It appears from this that antigen and 
antibody, or products thereof, may be actively 
concentrated in areas of inflammation, m addi- 
tion to am passive accumulation that ma\ occur 
Such local accumulation would provoke allergic 
inflammation of the t>pe and degree illustrated 
b\ the Arthus reaction 

Catgut per se does not piovide an adequate 
stimulus for local accumulation of antigen and 
antibody , as has been shown This fact is m 
keeping with the observation that in sensitized 
rabbits into which specific antigen was reinjected 
postoperatn el) , the reaction to catgut sutures in 
the abdominal wounds w*as not significantly al- 
tered It will be recalled that all catgut used 
«as of the nonboilable \anety and had been 
carefully washed free of tubing fluid in several 
changes of warm sterile saline solution before 
being used m animals The effects of tubing 
fluid have been described, and the facts demon- 
strated that tubing fluid of boilable catgut is in 
itself a potent inflammatory agent and that 
inflammatory lesions produced by that substance 
can elicit an Auer reaction 

Ducct o! Indued Effects of General Ana- 
phyla vis — ‘ The profound effects obtained from 
the introduction of large amounts of specific 
antigen into sensitized rabbits is illustrated by 
the fact that in the experiments described 16 
°f 37 animals so treated died of anaphylactic 
shock In the survivors, effects of impaired 


Permeability in Areas of Inflammation Produced by 
Ajiene, Arch Surg 41 101 (July) 1940 Rigdon, R 
“ Localization of Staphylococci in Areas of Inflam- 
mation Produced by Xylene, ibid 41 879 (Oct ) 1940 
tigdon, R H Observations on Capillary Permeability 
Areas of Inflammation Produced by Staphylococci, 
Surgery 9 436, 1941 Rigdon, R H , and Haynes, A 
Observations on Capillary Permeability and Inflamma- 
t'on m the Skin of Sensitized Rabbits, J Lab & Clin 
iled 27 598, 1942 Rigdon, R H , Ewing, F, and 
i ate > A Effects of Infra-Red Irradiation on the 
issues of the Rabbit, Am J Path 19 517, 1943, 
P’gdon, R H Localization and Concentration of 

otaphyJococcus Antitoxin w Areas of Rabbit’s Skin 
_J ea ted with Ultraviolet Irradiation, Am J Roentgenol 
101, 1943 Rigdon, R H , and Curl, H Effect of 
toentgen Irradiation on Capillary Permeability and 
inflammation m the Skm of a Rabbit, ibid 49 250, 1943 
^ H Localization and Concentration of 

staphylococcus Antitoxin in Areas of Rabbit’s Skin, J 
Lab & Clm Med 27 37, 1941 Menkm, V Dynamics 
'a Inflammation An Inquiry into the Mechanism of 
elections Processes, New York, The Macmillan 
Company, 1940 


circulation, toxic substances m the blood or 
metabolic disturbances, such as might result from 
extensive necrosis of the liver, described by 
Hartley and Lushbaugh, 8 may well have in- 
fluenced the healing wound adversely It is to 
be noted, however, that except m 2 or 3 instances 
these animals appeared to have recovered from 
any ill effects of this treatment within twenty- 
four hours or less 

Local Fonnatton of Antibodies — It has been 
observed that the degree of inflammation present 
at nine days m healing wounds of sensitized 
animals into which specific antigen has been 
reinjected does not differ appreciably from that 
of control animals in which healing of the wounds 
is satisfactory This fact would tend to dis- 
credit local allergic inflammation, of the type 
described bj Auer, as the principal mechanism 
responsible for the decreased tensile strength 
exhibited by the w'ounds of specifically sensitized 
animals after reinjections The major abnor- 
mality m these wounds, and one which appeared 
adequate to explain their lack of tensile strength, • 
was the relative sparsity of fibroblasts and col- 
lagen, as has been illustrated m figure 3 Since 
the number of potential fibroblasts in these 
w r ounds w-as within normal limits, it was con- 
cluded that a failure of normal maturation of 
macrophages into fibroblasts had occurred To 
explain this phenomenon, two possible mecha- 
nisms were considered ( I ) Some toxic substance 
and/or abnormal catabolic products had caused 
injury to macrophages so that their development 
was altered, or (2) these macrophages were in 
the process of forming antibodies and, as a result 
of this internal stimulus, failed to develop into 
fibroblasts That maciophages can form anti- 
bodies at a site of local inflammation has been 
well demonstrated by Cannon and Sullivan 9 and 
by Hartley 10 In an area of inflammation in 
which antigen is introduced, there seems little 
doubt that the macrophages present would en- 
gage m the process of forming antibodies It 
may be that macrophages retain their status as 
macrophages so long as they are called on to 
perform duties wdnch they only, as progenitors 
of fibroblasts, are able to perform When they 
have become fibroblasts, their ability to pliago- 
cytose and to produce antibodies is markedly 
diminished or lost altogether Apparently the 

8 Hartley, G, Jr, and Lushbaugh, C L Experi- 
mental Allergic Focal Necrosis of the Liver, Am J 
Path 18 323, 1942 

9 Cannon, P R, and Sullivan, F L Local Forma- 
tion of Antibody bj the Skin, Proc Soc Exper Biol 
& Med 29 517, 1932 

10 Hartley, G , Jr The Local Formation of Anti- 
vaccmal Antibodies by the Skin, J Infect Dis 66 44, 
1940 
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incentive to remain macrophages and form anti- 
bodies is stronger than the incentive to mature 
into fibroblasts and form collagen as a process 
of the healing of wounds The probable course 
of events in wounds which heal under such condi- 
tions is illustrated m figure 4 11 

It may be recalled that m all animals which 
received foreign protein intravenously after opera- 
tion, regardless of specific sensitivity, certain 
degenerative changes in the tissues of the wounds 
were more pronounced than in control animals 



Fig 4 — Chart illustrating the course oi events during 
the healing of a wound in a normal animal, slightly 
modified from data published b> Hunt In the normal 
animal, tensile strength closelv follows the upper 
boundarv of the area of collagen In the sensitized 
animal autoinoculated with specific antigen, the course 
of healing of the wound has been postulated on the 
basis of histologic observations at nine days only These 
postulated changes are similar to those observed by 
Hunt 11 and others in the healing wounds of scorbutic 
gutnea pigs, in which the major defects were failure 
in the formation oi collagen and immatuntv and poor 
holding power of the intercellular substance 

w Inch did not receive foreign protein after opera- 
tton It appears that these changes in the tissues 
were not due to an immediate local anaphylactic 
reaction but were dependent onl) on the intra- 
venous administration of an antigen which af- 

11 Hunt A H The Role of Vitamin C in Wound 
Healing Brit J Surg 2S A36 1 941 


forded, through the mechanism of local auto- 
moculation, the condition necessary for the for- 
mation of antibodies locally within the wound 
A possible explanation for the differences 
between the healing processes of sensitized ani- 
mals which received specific antigen and those 
of animals which received nonspecific antigen 
rests on the fact that m the former group 
the animals had been previously prepared with 
specific antigen and were thus able to form anti- 
bodies more efficiently and at a faster rate This 
phenomenon of specific anamnesis is discussed 
m a recent work by Cannon 12 Such a reaction 
provides for a considerably greater stimulus for 
the production of antibodies in specifically sensi- 
tized animals and would afford a greater stim- 
ulus for the macrophages in the healing wounds 
of these animals to remain macrophages, rather 
than to mature into fibroblasts 

The clinical significance of this mechanism is 
probably not great , however, instances m which 
all of the factors necessary to bring about this 
mechanism aie present certainly occur, and in 
such instances a local allergic reaction of the type 
described may act to produce delayed fibroplasia 
and disruption of the wound 
As a precautionary measure against such a 
reaction it is suggested that when abdominal 
operations are performed in the presence of 
chronic abdominal inflammatory lesions these 
lesions should be carefully protected from any 
trauma or, if their removal is desned, they should 
be “isolated” initially by means of clamps or 
ligatures Such abdominal wounds should be 
thoroughly reenforced with nonabsorbable sutures 
and abdominal binders in order that the wounds 
may retain their initial “mechanical” strength 
for a longer period than is ordinarily required 

SUMMARY and CONCLUSIONS 
Local allergic reaction at the site of a surgical 
wound will delay healing and encourage disrup- 
tion 

The mechanism of such delayed healing ap- 
pears to rest m a failure of the maturation of 
macrophages, with resultant failure in the pro- 
duction of the reticulum and collagen 

There are several possible explanations for this 
mechanism, which is of clinical significance in 
certain cases m producing disruption of wounds 

Prof Paul R Cannon, of the Department of Pathol- 
ogy gave valuable suggestions 

950 East Fifty-Ninth Street 

12 Cannon P R Antibody Production and the 
Anamnestic Reaction, J Lab & Clm Med 28 127, 
1942 




PROGRESSIVE GANGRENE IN AN OPERATIVE WOUND 
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The object of this article it, to leport a case 
of extensile destruction of the skin and the sub- 
cutaneous tissue m an operatne wound closed 
attera routine remoral of a gangrenous appendix 
and to discuss the obsei rations ahead} icported 
m medical literature regarding this late but 
definite clinical entitr The case to be descubcd 
it from the Man McClellan Hospital, serricc 
of Dr Demcr M Vickers and it is through 
Dr Vickers’ cooperation that this icport is made 
possible All surgical procedures were carried 
out under his direction oi hr him peisonallr 
and lus recollection of a similar account in the 
literature led to the finding of the first useful 
understanding of the problem 
Necrosis of a wound as a postoperatn e com- 
plication has been described enough m medical 
periodicals to be established as a definite entit} 
with a definite mode of progression Its appear- 
ance, as will be shown is an indication for sur- 
gical inten ention, as urgent as that for the 
operation which preceded it Satisfactory treat- 
ment has been show’ll to depend on the recogni- 
tion of this fact, inasmuch as the complication 
has never been known to yield to the measures 
ordinarily applied to the simple infections of 
wounds which it at first resembles Failure to 
be aware of the possibility that such a postoper- 
ative situation can arise and consequent failure to 
profit by the experience of others may permit the 
ulceration to reach a considerable size 
In the course of the futile orthodox treatment 
of our patient a search of the literature was made 
without a clear idea of just what to look for 
An article by Cullen published in 1924 w r as found 
to contain a complete description of a case with 
an excellent colored drawing, which might have 
served equally well as an illustration of our 
problem This apparently was the second record 
of a case and began the chronologic list of re- 
ports later discovered, each article usually con- 
taining a description of a single case The vita 
importance of these references in the satisfactory 
treatment of our patient and the complete absence 
of information m most textbooks seem to justi } 
the publication of further observations from our 
experience and a review of the conclusions set 
forth by other surgeons 


CLINICAL OBSERVATIONS 
1 he complication under discussion begins 
chai actei isticall} a week or more after operation 
and at a time wdien the sutures may have been 
remoi ed from an apparently well healed incision 
The first sign of trouble is a puffiness of the 
wound, gning evidence of a subcutaneous accu- 
mulation of fluid, as it does in many other 
instances when there is a collection of serum or 
pus resulting fiom exudate in tissue or mtection 
With this sign the most conservative treatment- 
calls for a sepai ation of the firmly united edges 
of skin at some point to allow the escape of the 
fluid A small cavity is left, as is to be expected, 
but the whole situation to this point does not 
suggest an\ thing too unusual However, when 
a thinning of the entire scar and a separation 
of the edges by necrosis occur, it becomes ob- 
\ ious that a serious complication has developed, 
unchecked by the usually adequate drainage 
At this point, according to the published re- 
ports and to our own observations, the serious- 
ness of the problem should be recognized and 
iadical excision of the entue ulcerating area 
done No writer has yet escaped this conclusion, 
hut it is also true that in practically every in- 
stance in which this gangrenous ulceration lias 
appeared it has been so unexpected that it has 
progressed far beyond this stage before the attend- 
ing surgeon has felt justified in entering the 
healthy surrounding tissue with a knife unavoid- 
ably contaminated by this grossly septic lesion 
Delay has caused further spread in all directions, 
faster longitudinally but always characterized by 
advancing necrosis of cutaneous margins, which 
become blackened into a drying slough floating 
on a gangrenous mass of subcutaneous fat hone> - 
combed with purulent fluid and attached to 
surrounding skm, which shows for a variable 
distance a purple induration that seems to be 
the location of whatever pam the patient experi- 
ences With all of this, in spite of wide exten- 
sion, there is almost no systemic reaction other 
than that of the exhausting anxiety due to the 
inexorable advance of the process, which the pa- 
tient can see as clearl} as does his ph}Sician 


From the Mary McClellan Hospital 
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Summary of Cases Reported 


Patient 


Source of Ulceration 

Age 

Sex 

Appendectomy 

50 

H 

Appendectomy 

63 

M 

Appendectomy 

64 

M 

Appendectomy 

39 

M 

Appendectomy 

34 

M 

Appendectomy 


M 

Appendectomy 

62 

M 

Appendectomy 

62 

M 

Appendectomy 

32 

M 

Appendectomy 

54 

H 

Appendectomy 

35 

H 

Appendectomy 

46 

M 

Appendectomy 

62 

F 

Appendectomy 

62 

M 

Appendectomy 

57 

F 

Appendectomy 

46 

if 

Appendectomy 

49 

F 

Appendectomy 

62 

M 

Appendectomy 


M 

Appendectomy 

62 

F 

Appendectomy 

45 

M 

Appendectomy 

32 

H 

Appendectomy 

48 

if 

Appendectomy 


F 

Appcndectomv 

38 

N 

Appendectomy 

38 

M 

Appendectomy 

70 

M 

\ Appendectomy 

32 

M 

Appendectomy 

37 

M 

Appendectomy 

35 

F 

Appendectomy 



Appendectomy 

62 

M 

Thoracotomy 

G2 

M 

Thoracotomy 

62 

M 

'Thoracotomy 

36 

M 

Thoracotomy 

44 

F 

Thoracotomy 

54 

M 

Thoracotomy 

44 

M 

Thoracotomy 

60 

M 

Thoracotomy 

54 

M 

Thoracotomy 

48 

if 

Thoracotomy 

64 

M 

Ruptured peptic ulcer 

57 

M 

Ruptured peptic ulcer 

57 

M 

Ruptured peptic ulcer 

44 

M 

Axillary abscess 

25 

F 

Axillary abscess 

20 

F 

Axillary nb c cess 

25 

M 

Inguinal ab'ceac 


M 

Inguinal abscess 

8 

M 

Inguinal abscess 

33 

M 

Abdominal wall abscess 

55 

JI 

Abdominal wall abscess 


SI 

Hepatic absce«s 

63 

r 

Hepatic ab«cess 



Pelvic absec" 


r 

Pelvic ab'cess 

46 

F 

Hvstorectomy 

42 

F 

Hysterectomy 


F 

Cecostomy 

G3 

F 

Cccostomy 



Gastroenterostomy 

45 

SI 

Gastric resection 

21 

SI 

Cholecystectomy 

39 

F 

Peritoneal ab'ce's 


F 

Rectal cancer 

54 

F 

A cntral hernia 

64 

p 

Mammary abscess 

35 

F 

Intussusception 

67 

SI 

Pilonidal slnu' 

28 

31 

Epldldymal abscess 

IS 

SI 

Pelvic exploration 

42 

F 

Pustule on leg 

48 

H 


Date of 
Operation 

Result 

Author 

9/28/22 

Recovered 

Cullen, 1924 

12/23/24 

Recovered 

Alexander, 1926 

12/18/25 

Recovered 

Brewer and Sleleney, 1926 

11/24/26 

Recovered 

Gillespie, 1928 , 

6/24/27 

Recovered 

Cole and Heideman, 1929 

2/ /27 

Recovered 

Lynn 2931 

6/ /29 

Recovered 

Lynn, 1931 

10/16/29 

Died 

Lledberg, 1935 

10/20/30 

Recovered 

Baker and Terry, 1932 

1930 

Recovered 

HellBtrom, 1930 

1/ /31 

Recovered 

Sleleney, 1931 

6/17/31 

Recovered 

Horsley, 1932 

8/11/31 

Recovered 

Sleleney, 2933 

8/15/31 

Recovered 

Scotson 1933 

2/ 5/35 

Recovered 

"Willard, 1936 

12/ /39 

Died 

Callam and Dull 1941 

11/ /34 

Recovered 

Blaxland, 1935 


Recovered 

Bnllin (Freeman, 1930} 


Recovered 

Shipley, 1928 


Died 

Vohnout, 1938 


Recovered 

Poersehke 1938 


Recovered 

Brewer and Sleleney, 1926 


Recovered 

Sloschowitz (Brewer, 1026) 


Recovered 

Sleleney, 1935 


Recovered 

Slayeda 1920 


Died 

Gordon, 1928 

Slitchell (Lynn, 1931) 


Recovered 

Terry (Lynn, 1931) 



Clinton 1926 

Porter 1926 


Died 

Warfield 1927 

Carol, 1932 

9/ /19 

Died 

Blaxland, 1935 

6/29/30 

Recovered 

Patterson 1932 

10/22/30 

Died 

Poate 1930 

5/17/33 

Recovered 

Santy, 1930 

1933 

Recovered 

Callam and Duff, 1941 

2/13/34 

Recovered 

Stewart Wallace 1935 


Recovered 

Tavernier (Tixier and Polio' 


Recovered 

son 1936) 

Baffin (Freeman, 1930) 


Died 

Brunsting, 1930 


Recovered 

Christopher 1924 

10/30/32 

Recovered 

Meleney, 1933 

6/ 5/33 

Recovered 

Scotson 1933 


Recovered 

Cox 1936 

2/ 6/31 

Recovered 

HolmaD, 1935 

9/ 1/33 

Recovered 

Holman 1935 

3/30/34 

Recovered 

Hirshfeld 1939 

10/ /25 

Died 

Sleleney 1935 

1930 

Recovered 

Baffin and Morse 1931 

2/21/31 

Recovered 

Horsley, 1929 

5/30/08 

Recovered 

Luckett, 1909 

1/ 5/27 

Recovered 

Shipley, 1928 

10/ /27 

Died 

Brewer and Meleney, 1926 
Tavernier (Tixier and Polio' 
son, 1936) 

Meleney, 1935 


Recovered 

Borelli 1924 

Meleney, 1935 

12/ /31 

Recovered 

Meleney, 1935 

Recovered 

Meleney, 1933 


Recovered 

Delroas 1937 

Tixier and Pollosson 1936 

3/27/29 

Recovered 

Constantinescu, 1938 

Died 

rreeman 1930 


Recovered 

Meleney, 1935 

192o 

Died 

Pergola and Rosenfcld 193S 

Recovered 

Baffin and Morse 1931 

6/16/26 

Recovered 

Probstem and Seellg, 1928 

12/14/27 

Recovered 

Horsley, 1929 

9/ /37 

Recovered 

Hirshfeld 1939 

2/ 6/31 

Recovered 

Baffin (Freeman, 1930) 

Died 

Holman 1935 

7/ /34 


Holman, 1935 
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Summary of Cases Reported— Continued 


Pntlent 


Source of LIccrnllon 

' Age 

So\ 

Appendectomy * 

41 

Af 

Appendectomy * 

40 

M 

Appendectomy * 

W 

M 

Appendectomy * 

11 

F 

Appendectomy * 

SC 

M 

Appendectomy • 

C7 

At 

Appendectomi • 

40 

M 

Appendectomy * 

r >S 

M 

Appendectomi * 

w 

M 

Appendectomy * 

45 


Appendectomy * 

44 

M 

Aprendectomr • 

4S 

Af 

Appendectomy 

1-0 

I 

Appendectomy 

co 

F 

Ihorncotomy * 

AS 

r 

Iboracotomy * 

47 

F 

Ruptured peptic ulcer 

41 

AI 

Ruptured peptic ulcer • 

17 

At 

Ruptured peptic ulcer • 

1 1 

Al 

Inguinal ab'cc" • 

4 

AI 

Inguinal ab c cess * 

74 

1 

Abdominal vrall ab c ce c * * 

52 

Af 

Abdominal wall nb*cc« * 

"G 

Af 

Snbphnenic abscess • 

42 

Al 

Umbilical abscess * 

2! 

r 

Pelvic absce's • 

20 

F 

Intestinal obstruction 

G7 

AI 

Cholecystectomy • 

44 

I 

Cholecystectomy * 

G7 

Al 

Cholecystectomy • 

5S 

F 

Herniotomy • 

G4 

F 

Herniotomy * 

Go 

Al 

Hammary abscess * 

32 

1 

Pro'tatectomy 

GO 

AI 

Sympathectomy on thigh * 

50 

M 

Access of tibia * 

20 

r 

Pn'tuic on leg * 

72 

At 

Hand Infection * 

2G 

M 

Varicose ulcer * 

GG 

F 


Foreign references cited b> Dodd, Heekes and Geiscr, 1941, 


Dnte of 


Operation 

Result 

Author 


Recovered 

Stich (Liedberg, 1936) 

- 


Grauhahn (Liedberg, 1936) 


Recovered 

Brown (Liedberg, 1936) 


Recovered 

Hohmeier (Jaeger, 1938) 


Died 

Kappis, 1932 


Recovered 

Syme and Bryee, 1936 


Recov ered 

Coakley and Klein, 1936 


Recovered 

Philipowiez, 1936 


Recovered 

Syme, 1936 


Recovered 

Carroll, 1938 


Died 

Suesi, 1937 


Recovered 

Wolanski, 1939 

4 /’(./30 

Died 

Dodd, Heekes and Geiser, 
1941 

7/14/42 

Died 

Davleon Samat and Lam 
pert, 


Reeov ered 

Hickcn, 1935 


Recovered 

Brandberg, 1937 


Recovered 

Duemling and Elston (Lied 
berg 1936) 


Recovered 

Nightingale, 1634 


Died 

Wnschulewski, 1939 


Recovered 

Ballin and Morse, 1931 


Died 

Wnchs 1937 


Died 

Krecke (Kappis, 1932) 


Recovered 

Oudnovskaia (Kappis 1932) 


Died 

Wacbs, 1937 


Died 

Wnchs, 1937 


Died 

Sehllnk and Thomson 1935 


Recovered 

Dodd Heekes and Geiser, 
1941 


Recovered 

Rueppcrs, 1935 


Recovered 

AA’akeley and Willway 1937 


Recovered 

Tammnn (Liedberg, 1936) 


Recovered 

Tennant (Freeman 1930) 


Died 

Stobr and Nlederland 1935 


Recovered 

Liedberg, 1936 

7/10/39 

Died 

Dodd, Heekes and Geiser, 
1941 


Recovered 

Kappis, 1932 


Died 

Diebold, 1934 


Died 

Kappis 1932 

i 

Recovered 

Wnchs, 193 7 


Recovered 

Wnchs, 1937 


included m their bibliography 


PREVIOUS REPORTS 

Accumulated experience will not give the sur- 
geon much practical aid in reaching a decision 
about the cause of this complication, which 
spreads with such dramatic speed while he 
watches it Reports of cultures are confusing, 
ecause many of the organisms isolated are of 
the usual varieties and it is impossible to under- 
stand why this lesion differs from others from 
wnch the same organisms are isolated An 
amebic infection, apparently proved to be piesent 
In the cases of Cole and Heideman, or the 
synergetic bacterial combination discussed by 
eleney m 1931 may appear to be attractive 
Possibilities, but whether any of the varied 
echnics employed or the chemicals recommended 
ave any special virtue has not been detei mined 
ec ause of the lack of material In reading one 
}® certa mly confronted with an enumeration of 
e standard methods of treatment for infection 


of wounds that have definitely failed until exci- 
sion was done The successful healing of the 
lesions discussed m the literature with the appli- 
cation of certain theoretically correct chemicals 
after excision appears to have made persons 
enthusiastic who have ignored the possibility 
that the ulceration may heal spontaneously after 
the gangrenous advance has been stopped It 
can also be correctly assumed that the failure 
of any chemical agent to stop the advance of 
the gangrenous process does not indicate that it 
is necessarily ineffectual against the unknown 
etiologic agent It may rightly be assumed that 
it merely fails to reach the advancing margin un- 
til after the latter is uncovered by excision 

Thus a reference to literature creates a con- 
fusion which, by contrast, makes the simplicity 
of excision more evident All the cases together 
furnish indirectly the proof that excision is 
urgently needed as soon as these characteristic 
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developments appear m a postoperative wound 
The conditions for which the operations were 
done in the recorded cases of postoperative gan- 
grenous ulceration are widely varied, but each 
author has had the same urge to share the ex- 
perience and the lesson he learned from it A 
stud) of the details in these reports justifies 
some question as to whether or not all of the 
lesions conform to the classic picture, but for a 
statistical stud) all of the 112 examples from the 
literature may be listed m a table, which is an 


similar simple calculation it is discovered that in 
nearly 42 per cent of the cases the gangrenous 
ulceration followed operation for appendicitis 
and that m the rest it occurred after 31 different 
surgical procedures, of which thoracotomy for 
empyema dominated, with an incidence of a little 
over 10 per cent of the total In 101 cases in which 
the age was given it is observed that whereas the 
youngest patient was 4 years old and the oldest 
was 77 in the cases m which ulceration followed 
various initial surgical operations as well as in 



Fig 1 — Comparison of the age distribution of cases of simple appendicitis, gangrenous appendicitis and ulcera- 
tion following appendectomy The last group appears well beyond the peaks of the curves for the other two 
and gives basis for the inference that the development of postoperative gangrenous ulceration m the wound 
depends on factors other than those related to the appendicitis itself 


expansion of similar summaries presented by 
Stew art AY allace and Holman in 1935 and Dodd, 
Heehes and Geiser in 1941 (table) 

From the information m the summary of the 
cases m the literature it is possible to make 
several interesting generalizations about the gan- 
grenous ulceration although incomplete data in 
mam cases make it necessar) to use on!) a part 
of the total number Thus it is observed that 
108 reports stated the sex of the patient but 
that in 6S per cent of these it was male By a 


the smaller group in which it followed appendec- 
tomy, there was a rather uniform distribution 
of patients between the ages of 30 and 65 years 
Inasmuch as these figures indicate that post- 
operative gangrenous ulceration seems to follow 
appendectomy with greatest frequency, it is in- 
teresting to speculate about a possible relation- 
ship and to compare the age distribution, for one 
thing, with that for appendicitis (fig 1) 

The Mary McClellan Hospital for a five year 
period it will be noted that the age of greatest 
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incidence of appendicitis of all ty pcs is definitel) 
between 10 and 30 yeais This conclusion is 
reached from inspection of figures from this hos- 
pital, hut it is equalh ti ue of othci tabulations of 
the same hind and nia\ be accepted as a unnersal 
tact The ulceration under consideration seems 
therefore to be related to othci factois than those 
ot appendicitis itself or the chance infection of 
the postoperatuc wound Howerer, it a tabu- 
lation of the age incidence ot gangrenous or per- 
forated appendicitis and of ulceration following 
appendectomy is made (fig 1) a wider dis- 
tribution through the \eais is shown for the 
former and a lclatneh higher percentage of 
o’der patients appears to ha\e had the latter, 
more sea ere complication This suggests that 
some indiudual tissue susceptibility may appear 
in the later years of life after a septic surgical 
operation 


ulceration instead of merely a temporary delay 
ot healing until the tissues immunize themsehes 
against septic discharges If it can be assumed 
that certain persons in the later years of life 
lack the pow'er to produce immunity of the tis- 
sues and that then lack is more pronounced in 
the winter months, a warning of potential diffi- 
cult! mav be accepted, especially if this com- 
bination occurs in a male patient The recog- 
nition of the possibility may lead to a more 
prompt adoption of radical treatment The 
argument that the condition is rare does not 
ob\ late the tragic reality of the distress w hen the 
exceptional case appears 
To draw conclusions from a relatively small 
senes may be a questionable procedure No 
other method presents itself because even though 
many authors have remarked that other cases 
ha\e been observed this supposed larger num- 



r «g 2 —A, photograph of necrosis of an operatic e wound sixtv-two days after operation and eight da>s after 
first excision of the necrotic margins with a high frequency cutting current At the time of the excision short 
strokes were made at right angles to the margin and extending into the surrounding red induration, which was 
not removed In the eight da>s following the first excision further necrosis appeared except along most of the 
tawer margin and in two places on the upper margin A second excision was done on the day of this photograph 
Photograph of the ulcerated area seventy-two davs after the operation and ten da>s after the last excision 
during the interval sulfathiazole powder was dusted on the granulating area ecerv other day It can be seen 
that active advance was stopped except at three points on the upper margin, which appear black with additional 
necrosis Local excision at these three locations w r as done on the daj of this photograph 


Further analysis of the cases in the literature 
■u which the month of the operation was stated 
demonstrates that 66 per cent of the complica- 
fi°ns followed operations done in “winter 
months,” from September to February, mclu- 
Sl | e A similar consideration of the cases in 
' v 1lc h gangrenous ulceration followed appen- 
ectomy leads to the fact that 69 per cent of these 
operations w'ere done in the same winter months 
These observations of age incidence and 
seasonal distribution furnish material for a 
partial explanation of the situation which on 
cer tain occasions results in rapid gangrenous 


her of unrecorded cases cannot be used for tabu- 
lation 

TREATMENT 

To the list of cases in the literature is now 
added 1 more Our patient was a man of 56 
who was operated on for a gangrenous appendix 
on Jan 24, 1943 The case therefore conforms 
to the pattern for potential trouble in regard to 
age, sex and season This cannot be assumed 
to be the only case of its kind in the last few 
vears It can, however, be considered to be the 
only available instance of the complication that 
illustrates the failure of some of the sulfonamide 
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drugs and the success of repeated conservatne 
excisions with the electrosurgical unit in contrast 
to the massive excisions previously advocated 
(figs 2 and 3) At the time when treatment by 
excision was finally undertaken, the usual local 
remedies, including drainage, diluted solution of 
sodium hypochlorite U S P , sulfanilamide, 
hydrogen peroxide, sodium perborate, ultra- 
violet radiation and 7inc peroxide, had been 
tried without even a momentary ariest ot the 


while this was being used locally the patient was 
receiving sulfathiazole by mouth at the moderate 
rate of 1 Gm every four hours If it is assumed 
that this dose gave sufficient concentration m the 
blood stream and that the advance of the process 
was not thereby stopped, it will be logical to 
assume that the circulating blood had been cut 
off before it reached the active margin which was 
undergoing necrosis and that the concentration 
was not effective m the protection of the tissue 



Tig 3 — A photograph of the ulcerated area eighty days after the operation and eight days after the last 
excision Stubborn adiance of necrosis continued at two points in spite of the last partial removal of the edge 
Lighter patches through the upper half of the lesion now show clearly the extent of spontaneous growth of epi- 
the mm The entire area is obviouslj smaller and the patient is free from sjmptoms Another local excision was 
one B, photograph of the lesion on the abdominal wall eightv-nme days after the operation and nine days 
after the last local excision Alt actiuty at the margins has been eliminated, and the spread of the lighter area 
sl 3 w ? f t r lt n f rh iv ;° thirds , of the ulcerative bed has covered itself with new epithelium At this time the use 
of sulfathnzole powder was discontinued and the growth of the remaining granulation tissue controlled by silver 
nitrate C, photograph of the ulcerated area nearly completely healed, one hundred and nineteen da\s after the 
operation Lncoaered granulation tissue still shows m the suprapubic region and m a small spot above the crest 
of the ileum on the right side The entire lesion has contracted to at least half its former width but gives 
the patient no disability He is able to stand erect and has gained strength rapidly, with an actual increase in weight 


spread of the ulceration Sulfanilamide was un- 
fortunately the on!} representative of the sulfon- 
amide compounds that was tried locally before 
excision of the margins Reliance was placed on 
this drug because of erroneous faith in the impor- 
tance of a culture from the wound However, 


with a good blood supply which was later to 
become tnvohed To explain the failure of this 
treatment with these conclusions would imply 
that the gangrene resulted from bacterial action 
This has not by any means been proved The 
effect of higher concentrations of one of the 
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sultonamide drugs should undoubtedly be de- 
termined It is our opinion, lio\vc\er, that the 
udim of this t\pc of ulceration deserves the 
more certain arrest of further expansion which 
surgical measures pioudc Imesdgation in re- 
gard to the best way to accomplish this will be 
more fruitful than trials of medical treatment 
The first record of treatment of a lesion of 
this tjpe by excision was presented in 1909 by 
Luchett, who stated that lie made up his mind 
to treat Ins patient “wholly on surgical grounds 
and totally ablate the ulcer by actual cauteriza- 
tion ” He added the icmark that “the extent 
and magnitude of this procedure can be moie 
fulh grasped when we mention that we con- 
sumed the benzine of two fleshly filled Paquehn 
thermocauteries in a period lasting fifty-five 
minutes ” Cullen in Ins article that appeared 
in 1924, first atli acted attention to this entiti 
and ga\e an account of lus final treatment with 
a ‘cautery knife used well beyond the adraneing 
margin” Brewei and Meleney stated m 1926 
that the) were successful in their use of a deep 
barrier created by an encircling incision packed 
"ith frequent changes of gauze soaked in 04 pei 
cent solution of fornialdein de Shipley in 192S 
published lus -account of successful excision with 
a red hot wire loop cautery to separate the 
margin from the health} tissue and a knife to 
raise it from the under!} mg fascial layers Lynn 
In 1931 advocated the use of the “cautery or 
electrotherm knife ” Bakei and Terry in 1932 
used the Bovie electrosui gical unit and excised 
and coagulated the entire lesion The ulceration 
111 ^e case reported by Patterson in 1932 re- 
curred after excision within the zone of redness 
and was later excised widely with the actual 
cautery Holman in 1935 advocated excision 
' ut h cautery and maggot therapy Willard in 
936 apparently limited lus technic of excision 
to the use of a knife Scotson in 1933 used a 


r ench cut out with “diathermy cautery” as a bar- 
ner , and James, another English surgeon, w r as 
successful with the same technic 
From this summary of the methods of exci- 
s, on it can be seen that the same surgical mten- 
6on has been carried out by various appliances, 
u ich have tended to be more accurate, more 
unnostatic and less injurious to the surrounding 
issues as electrical technics have been developed 
cse surgical methods have been sufficient, and 
' Clr success has made the problem of causation 
0 secondary importance, even though its solu- 
'°u might give the vague promise of a means of 

Prophylaxis 


The statement from the article by Baker and 
e rry to the effect that they excised and coagu- 
a ^d the entire lesion may be referred to again 


to emphasize a contrary opinion One of the 
most fantastic features of our case was the spon- 
taneous epithehzation of the central area while 
the necrosis at the margins w'as still rapidly 
spieading It was surprising that although the 
entire lesion grew' to cover about two thirds of 
tile surface of the abdomen, healing m the center 
had so far advanced at the time of the last exci- 
sion that epithehzation w r as complete in only 
twenty additional days This rapid healing was 
ob\ iousl) due to the miraculous appearance of 
islands of epithelium in places where the destruc- 
tne necrosis had apparently been total For 
this leason it is believed that coagulation of the 
entire lesion at any stage might haie been a 
serious mistake 

REPORT OF A CASE 

The appearance of this unexplained tjpe of 
neciosis of a postopei ative w'ound m a case in 
oiu sen ice has been mentioned as a leason for 
this ie\iew of the subject Certain details of 
this case ha\e been mentioned in the discussion 
of the tieatment, along with an enumeration of 
the standard measures that appaienth tailed 
Eftectne tieatment W'as not begun until the fifti- 
fouith day of the complication and it is treeh 
admitted that at that time the condition was 
entnely out of conti ol and the situation desperate 
Limited excision of the active maigins turned 
the tide, and the central areas prohfeiated 
healthy gi anulation tissue toward these margins 
In the end, aftei three more partial excisions, 
we w r ere convinced that less healthy tissue had 
been sacrificed than would have been with a 
massive excision That the w'hole lesion seemed 
smaller iather than larger with each success^ e 
excision is well illustrated m photographs (figs 
2 and 3) 

summary 

A re\ ie\v of articles presenting examples of 
piogressrve necrosis of postopei ative wounds 
has been gnen, and from their tabulation the 
following obsenations have been made 

1 Progressive necrosis of postoperative 
wounds (sometimes termed phagedenic ulcera- 
tion) is a clinical entity having a definite onset, 
charactei istic features and a predictable course 

2 It occurs more frequently m males 

3 It develops most frequently m patients 
between the ages of 30 and 65 } ears 

4 This complication usually follows surgical 
procedures for drainage of septic conditions 
during the winter months 

5 It appears most frequently after removal 
of a gangrenous appendix and next frequent!} 
after costal resection for empyema 
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6 All reports indicate that the only success- 
ful treatment is surgical excision of the affected 
area 

From our observations made on the course and 
the treatment of this type of necrosis of post- 
operative wounds the following additional con- 
clusions have been reached 

1 A rapidly advancing necrotic margin in- 
volving skm and subcutaneous fat and follow- 
ing the spread of a dark red cutaneous in- 
flammation which radiates from the operative 
incision is the characteristic picture of this 
condition It is our feeling that spontaneous 
healing and rapid epithelization of the central 
portions of the ulcer are equally characteristic 
The two processes proceed simultaneously, and 
there is no satisfactory evidence that an) anti- 
septics so far applied have altered either process 
before the margins have been removed by ex- 
cision When this has been done, the spon- 
taneous healing is so pronounced that a simple 
protective dressing is probably sufficient 

2 Diagnosis may be made from the clinical 
picture and effective treatment instituted without 
confusing and controversal bacterial studies 
The rare appearance of this condition reduces 
the importance of routine proph>laxis, and dis- 
cussions should therefore stress the importance 
of early recognition and conservative excision 

3 Early recognition of the characteristic 
changes m an operative wound and prompt adop- 
tion of treatment by excision will reduce this 
entity to a complication of relatively minor im- 
portance, with a short period of additional dis- 
ability Failure to adopt this surgical treatment 
promptly will result in weeks of uncertainty, 
a long period of disability and a disfiguring scar 

4 Sulfathiazole given by mouth and sulfanil- 
amide powder applied locally apparently have no 
effect on the progression of the gangrene before 
excision of the margins of the ulceration 
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REGIONAL ENTERITIS 

PATHOLOGIC STUrn OT TWENTY-TWO CASES 


FREDERICK M OWENS Jr, MD 

CHICAGO 


The condition known ns “regional enteritis” 
was first established as an entit} by Crohn, 
Ginzburg and Oppcnhemicr 1 m 1932 It has 
been variousff referred to since that time as 
“terminal ileitis ' “regional ileitis" and “regional 
enteritis ’ The last term is that most commonly 
accepted at the present time for the disease is 
not confined to the ileum hut ma} mvohe any 
portion of the small bowel and even the large 
bow el 

Crohn and Ins collaborators emphasized the 
occurrence of different stages or phases of re- 
gional enteritis, which the} characterized as (1) 
the acute inflammatory phase (2) the ulcerative 
phase, (3) the stenotic phase and (4) the phase 
of formation of fistulas The first tw o might be 
referred to as acute stages and the last two as 
chronic However, an important gross differ- 
ential feature is the patch} or segmental involve- 
ment of the bowel It should be emphasized 
that lesions of the different phases may be pres- 
ent in different segments and that all four t} peS 
of lesions may coexist m the same bowel Of 
course some of the features of regional enteritis 
are shared by other ulcerative diseases, espe- 
cially by nonspecific ulcerative colitis The latter 
differs, however, m its predilection for the colon, 
particularly for the descending portions of the 
colon Grossly, there is relatively little similarity 
to specific infectious diseases which affect the 
'ntestines or to neoplastic diseases Only occa- 
sionally a specific infectious disease, such as 
hyperplastic tuberculosis, resembles regional 
enteritis 

While little has been added to the excellent 
° n gmal description of the gross pathologic 
changes, descriptions of microscopic observations 
have usually been incomplete and variable In 
P ar t this may be accounted for by the small 
mn nber of cases studied by any one observer 

Eleanor Humphreys gave her assistance 
rom the Department of Surgery of the University 
01 Chicago 

This work has been aided by a grant from the 
f:° u glas Smith Foundation for Medical Research of 
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T> Regional Ileitis A Pathologic and Clinical 
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A careful review of microscopic material derived 
from 22 cases observed at the University of 
Chicago Clinics was undertaken These cases 
provided examples of both acute and chronic 
stages ot regional enteritis, as well as of major 
complications 1 his study has served to empha- 
size certain consistent nncioscopic features and 
to bring out certain differential criteria For 
purposes of correlation and to avoid lepetition, 
the microscopic observations in these cases have 
been summarized with particular reference to 
the changes occurring in the separate coats of 
the intestinal wall 

material studied 

This survey is based on the study of multiple 
sections from various portions of each bowel or 
segment of bowel examined The 22 cases 
represented a wide range in teims of acuteness 
or chromcity The duration of symptoms was 
from eighteen weeks to thirteen years There 
were 15 males and 7 females The ages ranged 
from 12 years to 41 years, average 29 6 years 
In 16 cases only surgically excised segments 
were available, but in 2 of these it was possible 
to examine sections of bowel removed at more 
than one opeiation In 5 cases it was possible 
to compare observations on resected segments 
with those on remaining segments of the bowel 
obtained at autopsy In 1 case only autopsy 
material was available 

MICROSCOPIC OBSERVATIONS 

Changes in the Mucous M einbi anes —The 
earliest phase of inflammation has been, for 
obvious reasons, as yet unobserved In early 
acute lesions (eighteen weeks) as well as m 
more acute lesions which coexisted with chronic 
ones, ulcei ation was already present As estab- 
lished from gross observations, ulceration is 
usually patchy The more acute ulcers tend to 
lie primarily on the mesenteric border, but with 
extension of the process they ma} encircle the 
lumen or may extend for considerable distances 
longitudinally However, a characteristic fea- 
tuie, seen even where there is extensive ulcera- 
tion is the presence of islands of intact mucosa 
of varying size In the less chronic stages such 
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Tig 1 — Granulation tissue floor of a superficial ulcer, showing fragmented muscularis mucosae 



Fig 2 — Neuromuscular hyperplasia of the muscularis mucosae 
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islands often contain hjpeiti opined glands and 
project as pseudopolyps, overhanging the adja- 
cent ulcers 

The ulcers of the acute and subacute stages 
even when extensive, are often smprismgly 
superficial (fig 1) They frequently aie con- 
fined to the mucosa, and when they do extend 
through the muscularis mucosae they rarely ex- 
tend as far as the mam muscular coats In gen- 
eral, they have floors composed of an extremely 


In the acute and subacute stages, the villi and 
the stroma between the glands are edematous and 
are densely infiltrated with inflammatory cells 
Among these cells are some polymorphonuclear 
neutrophils and eosinophils, but the predominant 
cells are mononucleai cells 

In the more chronic stages the glands lose 
their hyperplastic featuies and eventually 
atrophy Such glands aie widely separated by 
a more fibrotic stroma, which still, however, may 



Fig 3— Section of the wall of the ileum, showing infiltration of the mucosa and submucosa bv granulation 
tissue and fibrous tissue Prominence of the ganglion cells of Auerbach s plexus is evident 


va sculat granulation tissue, which contains, be- 
sides mononuclear cells of various types, moder- 
a * e numbers of neutrophils and eosinophils and 
occasional giant cells Not rarely thick layers 
°f such granulation tissue he on top of the 
muscularis mucosae Productive fibroplasia m 
such superficial ulcers must be an important 
dement, contributing to the subsequent stenosis 
Deeper ulcers, which can be traced to sinus 
tr acts, are not seen until the chronic stenosmg 
phase is reached 


present evidence of some edema The hyper- 
trophic will of the earlier stages tend also to 
disappear In contrast to most intestinal lesions 
terminating m mucosal atrophy, however, the 
actual thickness of the mucous membrane is not 
decreased and may even be considerably in- 
creased In fact, both the fibrosis and the edema 
tend to thicken it, another feature which con- 
tributes to stenosis 

The Muscularis Mucosae — Obviously this 
coat is destroy ed bv the deeper ulcerative lesions. 
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both acute and chronic However, the extent 
of destruction is rarely great A striking feature, 
evident fairly early and marked in the chronic 
phase, is proliferative thickening of this muscular 
coat It is possible that this is of the nature of 
a neuromuscular hyperplasia, analogous to that 
seen in so-called “neurogenic” appendicitis 
There is an increase m numbers of smooth muscle 
cells as well as a gross distortion of their normal 
pattern (fig 2) Such thick disarranged mus- 


tluch Widely dilated small blood vessels are 
so numerous that it has the appearance of an 
unusually vascular granulation tissue It is 
diffusely infiltrated by a cell -rich exudate, in 
which eosinophils abound In more chronic 
stages much mature collagen is laid down The 
diffuse exudate is replaced by a more focal 
reaction, with aggregates of mononuclear cells, 
which often resemble lymphatic follicles Even 
in these stages some evidence of edema remains 



Fig 4 — Serosal tuberculoid granuloma containing giant cells 


cular la\ ers are seen both in the floors of super- 
ficial mucosal ulcers and beneath the islands of 
mucous membrane The\ are not seen at anj 
distance from the regions of major involvement 
Single and grouped ganglion cells of Meissner’s 
plexus mav be found within or on either border 
of the distorted muscularis mucosae 

The Subutucosa — The submucosal laver, m 
contrast to the outer coats shares equally with 
the mucosa m the earliest stages that have 
been observed It is extremeh edematous and 


The submucosal fibroplasia, perhaps even more 
than that in the mucosa, is a major cause of fi ,e 
thickening of the intestinal w r all and the stenosis 
characterizing the chronic stages of regional 
enteritis (fig 3) 

Musculai Coats — Exudative involvement of 
the heavy muscular coat is proportional to fi ie 
activity in the two inner coats In the earlier 
phases the most obvious change is the presence 
of mononuclear cells in focal deposits which seem 
to be associated with lymphatic channels There 
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is only mild diffuse infiltration of the inuscu- 
lans propria The following features appear 
with chronicit) The muscular coats become 
thicker, their fibers are coarser and the neural 
elements m the wall are much more conspicuous 
Groups of ganglion cells belonging to the plexus 
of Auerbach and their associated nerve fibers 
appear to be more abundant than m the unm- 
volved segments It is possible that this is a 
relative increase, an increased piommence asso- 
ciated with contraction of the affected segment 


sclerosed and some appear to be occluded The 
serosa is considerably thickened by edema and 
fibrosis, but increased prominence of blood ves- 
sels and of lymphatic Channels likewise appears 
to play some part in this thickening Of especial 
importance are the miliary serosal nodules found 
in so many of these patients 2 These gave 
earl) observeis the impression that the disease 
was tuberculous in origin, although tubercle 
bacilli could not be isolated These nodules are 
milian granulomas of nontuberculous origin con- 



Fig 5 — Giant cells lying in granulation tissue bordering a sinus tract 


However, there are regions which strongly sug- 
gest that there is a true neuromuscular hyper- 
plasia similar to that in the muscularis mucosae 
These changes in the muscular and nervous ele- 
ments are confined to the affected segments and 
are not found in the proximal (noimal) segments 
or in the “skip areas,” which he betu een diseased 
segments Even m the chronic stages there is 
comparatively little increase of connective tissue 
m the muscular la)ers 

Serosa — In the serosa the evidence of involve- 
ment of the lymphatics becomes more definite 
About the lymphatic channels are aggregates of 
ymphoid cells, and many of the channels are 


sisting of inflammatory round cells, epithelioid 
cells and giant cells (fig 4) Dispersed along 
the lymphatics of the serosa they form a middle 
link m the chain of lymphatic imolvement so 
characteristic of this condition This Emphatic 
involvement accounts for much of the edema, 
especiall) that of the later stages 

Mesenteiy and Lymph Nodes — Progressing 
along the lymphatics into the mesenter) of the 
bowel are focal accumulations of inflammatory 
cells grouped here and there about Emphatic 
channels In these l)mphoid aggregations nm 

2 Crohn B B and Yunich, A M Ileojejumtis, 
Ann Surg 113 3/1 1941 
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be found giant cells just as they aie seen m the 
intestinal wall and the lymph nodes The extent 
of involvement of the mesentery is largely de- 
pendent on the presence of sinus tracts These 
sinus tracts which arise from mucosal ulcera- 
tions may penetrate the mesentery, where they 
are seen as spaces lined by granulation tissue 
which contains numerous giant cells (fig 5) 
Pronouced lymphoid hyperplasia exists m the 
nodes draining the affected regions This hyper- 
plasia differs from simple hyperplasia m that 
one occasionally finds miliary tuberculoid granu- 


In spite of determined efforts to isolate bac- 
terial agents of disease from these specimens 
there have been no consistent findings Tubercle 
bacilli were not found m guinea pigs which had 
been inoculated with specimens from 11 patients 
In 5 cases colon bacilli were isolated from the 
intestinal wall and m 2 of these from adjacent 
lymph nodes Of the remainder of the cultures 
that weie made 5 were sterile and the rest 
yielded a heterogeneous collection of organisms 
In view of the similarity of the two diseases it 
is significant that Bacterium necrophorum, which 



Fig 6— Tubercle contained within a mesenteric ljmph node 


lomas containing giant cells within the nodes 
(fig 6) Isolated giant cells, many ot which 
contain particles of apparent vegetable material, 
may be seen m the lymph nodes, as well as m 
the granulation tissue bordering the sinus tracts 

COMMENT 

The uniformity of the microscopic charactei- 
lstics observed in 22 cases of regional enteritis 
suggests a common causation for this entity 
Although the etiologic agent has not been deter- 
mined, this study suggests one or two pos- 
sibilities 


Dragstedt, Dack and Kirsner 3 were able to 
isolate from the diseased colon and also from 
the mesenteric lymph glands in a majority of 
cases of chronic ulcerative colitis, was not found 
in regional enteritis, although methods foi its 
detection were rigorously applied 

Cutaneous tests with Frei antigen weie done 
in 4 of the more recent cases, and all gave nega- 
tive reactions This result would tend to rule 

3 Dragstedt, L R , Dack, G M , and Kif sner, J 
B Chronic Ulcerative Colitis Summary of Evidence 
Implicating Bacterium Necrophorum as Etiologic Agent, 
^nn Surg 114 653, 1941 
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nit the -virus of Ivmphogianuloma venereum as 
lie etiologic agent Furtliei examinations for 
parasites of pathogenic natuie were consistently 
unsuccessful in 12 cases 

Although these lesults of bacteriologic exam- 
ination m themselves aie not striking, they are 
:onsistent with those obtained by other investiga- 
tors who have been intei ested m this disease 
There have been some reports from different 
regions ot the isolation of similar strains of 
streptococci, but the glaring lack of any con- 
sistent ability to demonstrate these organisms 
on the pait of many investigators is in itself 
significant This search for an offending organ- 
ism has been furthered by study of sections of 
this material treated with various types of special 
stains The end result has been the inability 
to demonstrate an} definite etiologic agent of 
organic nature 

The involvement of Emphatic channels sug- 
gests that an important cause of the changes m 
the intestinal wall maj be the obstruction of 
Ijmphatic channels This theory is supported by 
the observations of Reichert and Mathes, 4 who 
reported in 1936 that they were able to produce 
changes similar to those of legional enteritis by 
chronic lymphatic obstruction These changes 
were produced in dogs by the injection of 

4 Reichert, F L , and Mathes, M E Experimental 
Lymphedema of the Intestinal Tract and Its Relation 
to Regional Cicatrizing Enteritis, Ann Surg 104 601, 

1936 


sclerosing agents into the lymphatics of the small 
intestine It is possible that mesenteric lymph- 
adenitis may m some way be a precursor of 
regional enteritis by setting up a chronic scleros- 
ing i eaction of the mesenteric lymphatics 5 

However, the fact that pronounced neuromus- 
cular hyperplasia is present in the involved por- 
tion of the bowel and is absent elsewhere may 
shed light on the causation of the disease The 
factor of contraction must still be ruled out m 
accounting ioi the apparent increase of ganglion 
cells and the muscular hyperplasia Further 
work must be done to determine with certainty 
the part played by longitudinal contraction of the 
bowel But these neuiomuscular changes ap- 
pear to be pi olif erative rather than the effects 
of conti action Whether there is a congenital 
abnormality of the innervation of the involved 
bowel to account for the neuromuscular changes 
cannot be said at the present time The ques- 
tion of a localized allergic response as yet can- 
not be confirmed or denied and must be given 
fan consideration 

SUMMARY 

A study of the microscopic features of 22 
cases of regional enteritis revealed neuromusculat 
hyperplasia as a characteristic feature of the 
disease heretofore unreported No conclusions 
can be reached as to the causation of the disease 

5 Jackson, A S Regional Enteritis, Surg, Gynec 
& Obst 65 1, 1937 
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We have recently had the opportunity of 
observing a patient who presented at one time 
both polycythemia and thrombosis of the hepatic 
veins This combination occurs not infrequently 
and has aroused the interest of clinicians for 
many years 1 Most authors have assumed that 
thrombosis of the hepatic veins m this instance 
is secondary to thrombocytosis and slowing of 
the blood flow, but Oppenheimer la credited 
"Weber with the suggestion that polycythemia 
mav actually be the result of occlusion of the 
hepatic veins We have been unable to trace 
this statement to the writings of Parkes "Weber 
although he mentioned 2 "erythrocytosis due to 
stasis not of cardiac or pulmonary origin ” 

We hoped to resolve experimentally the order 
of appearance of polycythemia and thrombosis 
of the hepatic veins To do this we produced 
occlusion of the hepatic veins by mechanical 
means and subsequently studied the effects on 
the blood 


From the Department of Medicine (Dr Armstrong) 
and the Department of Surgery (Dr Richards), Stan- 
ford Lnnersity School of Medicine 

1 (a) Oppenheimer, B S Vascular Occlusion m 

Poheythemia Vera, Tr A Am Physicians 44 338-344, 
1929 ( b ) Baehr, G , and Klemperer, P Thrombosis 

of the Portal and of the Hepatic Veins, M Clin North 
America 14 391-410 (Sept) 1930 (c) Cole, N B 

Comments on a Case of Polycythemia Rubra Vera with 
Autopw, ibid 16 1255-1266 (March) 1933 (d) Sohval, 
A R Hepatic Complications m Polycythemia Vera 
with Particular Reference to Thrombosis of Hepatic 
and Portal Veins and Hepatic Cirrhosis, Arch Int 
Med 62 925-945 (Dec ) 1938 (c) Uhlhorn, E Ueber 
Pohcythamie mit Lebercirrhose, Klin Wchnschr 11 
2037-2038 (Dec 3) 1932 (/) Berk, L Ueber Throm- 

bose der Lebervenen nach umschriebener Thrombose im 
hepatiscben Stuck der unteren Hohhene, Beitr z path 
Anat u z allg Path 90 509-512, 1932 (g) McAlpm, 

K R, and Smith, K E Polycythemia Vera Report 
of Fourteen Cases Treated with Acetylphenylhydrozone, 
New York State J Med 38 101-108 (Jan 15) 193$' 
(h) Altschule, M D , and White, G Chian’s Syn- 
drome in a Patient with Pohcythemia Vera, Neiv Eng- 
land T Med 220 1030-1033 (June 22) 1939 

2 Weber, F P Policy thaemta, Ery throcytoses and 
Enthraemia (Vaquez-Osler Svndrome), London, H K 
Lems Co, 1921 


OPERATIVE METHODS OE OCCLUSION 
OF THE HEPATIC VEINS 

Wmtermtz 3 ligated the hepatic veins m dogs 
and found no changes m the liver in a series 
of unfinished experiments Other workers 4 
placed aluminum bands about the inferior vena 
cava above the hepatic veins and reduced the 
lumen of the veins by approximately 50 per 
cent Necrosis of the liver and ascites ensued, 
the extent depending on the degree of constric- 
tion of the vena cava The liver reverted to 
normal six days after the bands were removed 
An effective operation for temporary' occlusion 
of the hepatic veins w'as described and used by 
Simonds and Brandes 5 Momentary occlusion 
of the veins caused a sudden drop m blood pres- 
sure and an abrupt return to normal Longer 
constriction produced a fall in the concentration 
of hemoglobin and platelets in the blood, a de- 
crease m blood sugar and blood calcium and an 
increase m coagulation time 6 After seven to 
thirty minutes of obstruction of the hepatic veins 
the hepatic cells became edematous and granular 
and there were hyperemia and dilatation of the 
sinusoids/ which disappeared when the veins 
were released Fibrosis of the central veins 
occurred after prolonged occlusion It is stressed 
that the liver of the dog is resistant to anoxemia 8 

3 Winternitz, M C The Effect of Occlusion of 
the Various Hepatic Vessels upon the Liver, Bull 
Johns Hopkms Hosp 22 396-404 (Nov) 1911 

4 Zimmerman, H M , and Hillsman, J A Chronic 
Passive Congestion of the Liver, Arch Path 9 1154- 
1163 (June) 1930 

5 Simonds, J P , and Brandes, W W Effect of 
Obstruction of the Hepatic Veins upon the Systemic 
Circulation, Am J Phvsiol 72 320-323 (April) 1925 

6 Brandes, W W The Effect of the Mechanical 
Constriction of the Hepatic Veins, with Special Ref- 
erence to the Coagulation of Blood, Arch Int Med 
44 676-692 (Nov ) 1929 

7 Simonds, J P , and Callaway, J W Anatomical 
Changes m Livers of Dogs Following Mechanical Con- 
striction of the Hepatic Veins, Am J Path 8 159-165 
(March) 1932 

8 Simonds, J P , and Jergesen, F H Late Changes 
m the Liver Induced by Mechanical Obstruction of the 
Hepatic Veins, Arch Path 20 571-581 (Oct ) 1935 
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Using 9 adult dogs in good condition and 
under pentobarbital sodium anesthesia, we at- 
tempted to produce occlusion of the hepatic 
veins The hepatic veins m the dog are nu- 
merous, thin walled, almost sinusoidal and quite 
inaccessible because of their posteromedial posi- 
tion o\er the dome of the liver In each of our 
animals the occlusion was carried out through 
the abdominal cavity We considered a trans- 
pleural-transdiaphiagmatic route but have not 
actuall} used it 

Our initial technic follow ed the procedure de- 
scribed by Simonds and Brandes 1 , certain 
details w T ere later modified as the result of 
experience The abdomen was opened by a 
transverse incision dividing both rectus mus- 
cles An occlusive ligature was passed through 
the foramen of Winslow, forward over the left 
dome of the liver, around the anterior edge of 
the falciform ligament and backward over the 
right dome of the liver To reduce the occluded 
tissue to a minimum the triangular ligaments 
were divided The tie was made at the foramen 
of Winslow, and the ligature was left m place 
Six of our 9 animals died, from hemor- 
rhage caused by an inadvertent tear of the liver, 
from simultaneous occlusion of the inferior vena 


cava or from complete rapid occlusion of only 
the hepatic veins Dog 1 died because of acci- 
dental ligation of the inferior vena cava to- 
gether with ligation of the hepatic veins Dog 2 
was killed a week after the operation because 
°f an infection in the eye, its liver w r as his- 
tologically normal In dogs 4 and 5 the hepatic 


reins were acutely and completely occluded with 
steel wire ligatures Each animal died within 
twelve hours of the operation, and sections of 
the livers showed central hyperemia of the hepatic 
lobules Sudden complete occlusion of the he- 
patic veins seemed incompatible with life of the 
animal In dogs 7 and 8 fenestrated rubber 
catheters were passed as ligatures and collodion 
" as injected into the catheters We hoped to 
occlude the veins by a ring of collodion which 
^°nld subsequently shrink, but each dog died 
°g 7 died of hemorrhage from a tear of the 
lver , dog 8 died twelve hours after the opera- 
tl0n ’ a nd autopsy disclosed rocklike collodion 
nia sses about the hepatic veins and other masses 
"Writing the right renal vein The right kidney 
"as engorged, and the inferior vena cava was 
en gorged but not occluded 

3, 6 and 9 survived Dog 3 had an 
artery tape passed around the hepatic veins and 
hed tightly enough to occlude them incompletely 
°g 6 had an artery tape tied loosely about the 
Veins an d soluble collodion injected along the 
<a Pe With a needle In dog 9 the hepatic veins 


were incompletely occluded by a cellophane tape 
5 mm wide tied as snugly as possible without 
being torn 

LABORATORY METHODS OF STUDY 

Each of the 3 surviving dogs was carefully observed 
during the postoperatne period and maintained on a 
constant, well balanced diet Complete studies on the 
blood of each animal were done before the operation 
and at intervals thereafter Blood was drawn by veni- 
puncture of a jugular or a leg vein and placed in a 
tube containing a measured amount of anticoagulant 
Packed cell volumes were measured in Wintrobe hema- 
tocrit tubes, spun for fifteen minutes at 3,500 revolutions 
per minute Determinations of hemoglobin were done 
with a Sahli hemoglobinometer, in which 100 per cent 
equals 17 Gm of hemoglobin per hundred cubic centi- 
meters Plasma proteins were determined by the Kagan 
falling drop method The electrophoretic fractionation 

T \ble 1 — Hemoglobin, Packed Cell Volume and 
Plasma Piotem Values of Dog 3 




Packed Cell 

Plasma 


Hemo 

Volume in % 

Proteins 


fclobin 

f ■■ — ... .* 

A. 

,in Gm / 

Comment 

in % 

RB C 

WB C 

ICO Cc 

3 days preop 

110 

515 


67 

1 hr preop 

90 

43 



1 hr postop 

104 




18 hr postop , vomiting 

no 

00 5 


67 

2 dajs postop 

88 

3o 

1 0 

6 7 

3 dajs postop 

90 

41 

18 

02 

8 dais postop infection of the 





vi oiind 

92 

48 

1 8 

62 

13 dais postop healing of the 





vv ound 

86 

44 

3 1 

60 

27 dais postop 

93 

49 

1 1 


30 days postop 

100 

49 

1 3 

62 

42 days postop 

9S 

47 

1 0 


oO dais postop 

96 

47 

20 

6 9 

03 days postop 

90 

45 

12 

04 

73 days postop 

9S 

46 

1 2 


78 days postop 

101 

47 5 

10 


83 days postop 

110 

47 

1 5 

71 

102 days postop 

no 

48 3 

1 1 

08 

114 days postop 

100 

48 

1 3 

08 

128 days post op 

100 

471 

3 8 

6 5 

147 days postop 

95 

48 



183 days postop 

101 

48 

1 4 

68 

235 days postop serum taken 





for flocculation and electro 





phoretlc partition 

84 

47 

1 2 

OS 

245 days postop , laparotomy 





biopsy specimen of liver 

76 

43 

23 

78 

246 days postop 

84 

38 

09 

8 2 


270 days postop dog killed alter laparotomy 


of the serum proteins was done by Dr EJoise Jameson 
according to Longsworth’s modification 9 of Tiselius’ 
method 10 Cephahn-cholesterol flocculation tests 11 were 
done on the serum used for fractionation 

Alter each dog had survived the operation for more 
than siv. months, a second laparotomy was done in an 
effort to measure the pressure m the portal vein The 
animals were then killed by thoracotomv, and the organs 
were removed from above downward with inclusion of 
the diaphragm The ligature was identified with rela- 

9 Longsuorth, LG A Modification of the Schh- 
eren Method for Use in Electrophoretic Analj sis, J Am 
Chem Soc 61 529 (Feb ) 1939 

10 Tisehus, A. Electrophoresis of Serum Globulin 
II Electrophoretic Amah sis of Normal and Immune 
Sera, Biochem J 31 1464-1477, (Sept ) 1937 

11 Hanger, F M Serological Differentiation of 
Obstructive from Hepatogenous Jaundice bv Floccula- 
tion of Cephalm Cholesterol Emulsions, J Clin Investi- 
gation 18 261-269 (Mav) 1939 
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tion to the hepatic veins and the inferior vena cava 
before sections were taken for histologic examination 

PROTOCOLS Or DOGS SURVIVING OPERATION 

Doc 3— A male mongrel (artery tape looselv tied 
about the hepatic veins) had an uneventful postoperative 
course (table 1, fig 1) On the one hundred and ninety- 



Fig 1 — Changes m packed cell volume, hemoglobin 
and plasma proteins after obstruction of the hepatic 
■veins of dog 3 


seventh postoperative day an exploratory laparotomy 
was done The liver was normal in size and appearance, 
and biopsv sections were normal The ligature was 
easily isolated but was covered with small adhesions 
The pressure in the portal vein was 13 cm of water 
On the two hundred and thirty-second postoperative day 
laparotomv showed no change The pressure in the 
portal vein was 9 cm of water Postmortem exami- 
nation revealed that the ligature surrounded the hepatic 
veins but that their ostiums were widely patent The 
liver weighed 360 Gm The spleen was not enlarged 
There was no evidence of collateral circulation Sections 


Tabue 2 — Hemoglobin , Packed Cell Volume and 
Plasma Protein Values of Dog 6 



Hemo 

Packed Ceil 
Volume in % 

Plasma 

Proteins 

Comment 

globm 

in% 

BB C 

/ 

ffBC 

Un 6m / 

100 u 

2 days preop 

82 

46 


60 

5 days postop , vomiting tor 3 
days postop 

76 

41 

14 


IS dais postop , condition tair 

82 

41 

21 

72 

■> c —r* — - good 

S4 

40 

10 

70 

ces* 

83 

41 

1 0 


.cess 

81 

40 

1 0 


46 davs po<=top , vomiting 

S7 

41 

IS 

79 

61 days postop , condition good, 
no nscite* 

76 

36 2 

1 2 

79 

7g days postop 

7G 

365 

13 

79 

m days postop 

7o 

36 

1 1 

83 

300 days op'top , listless 

81 

39 

31 


145 days postop / melena 

os 

31 

J 7 

7 3 

307 days po'top , vomiting 
'orurn taken tor flocculation 

te " — 

tc 

56 

29 

11 

88 

207 

ascites 

56 

301 

19 

88 

21S days po c top , li'tiess ascites 

42 

261 

3 1 

SO 

273 days postop dogkllled utter 
laparotomy 

w 

31 

2 2 

CO 


of liver showed no histologic abnormality except m the 
region of the ligature, which was surrounded by a thin 
layer of fibrous tissue, macrophages and foreign giant 
cells Sections of spleen, kidney and bone marrow were 
not remarkable 


Dog 6 — A male bulldog (collodion-soaked artery tape 
tied about the hepatic veins) became progressively 
weaker after the third postoperative month, and ascites 
developed four months later (table 2, fig 2) On the 
two hundred and twenty-eighth postoperative day lapa- 
rotomy revealed a huge liver adherent to the abdominal 
wall and the diaphragm The pressure m the portal 
vein was 35 cm of water , that m the mesenteric vein, 
16 cm of water Postmortem examination showed only 
the hepatic veins encircled by the ligature, which was 
encased m a dense, hard collar of fibrous tissue This 
fibrous collar narrowed the lumens of the veins 20 to 
30 per cent and weighed 76 Gm The liver weighed 
1,040 Gm The right lobe of the liver contained an 
encapsulated cyst 5 cm by 5 cm by 5 cm, filled with 
gelatinous vellowish material No hooklets were found 
The spleen was not enlarged 
Histologic sections showed a hepatic vein surrounded 
by a broad zone of loose fibrous tissue densely infil- 
trated bv inflammatory cells, manv of which lay m small 
abscess cavities The cells were largely macrophages, 
polymorphonuclear leukocytes and plasma cells A gram 



Fig 2 — Changes in the packed cell volume, hemo- 
globin and plasma proteins after obstruction of the 
hepatic veins of dog 6 


stam revealed no bacteria Adjacent hepatic tissue con- 
tained similar inflammatory cells extending among the 
cells, and scattered small ducts through the zone of 
inflammatory reaction suggested that hepatic tissue had 
been destroyed Elsewhere in the liver there was slight 
dilatation of the sinusoids, m some places so great as 
to cause complete disappearance of the hepatic cell cords 
between adyacent sinusoids In one area the hepatic 
tissue had been replaced by a mass of large, loosely 
placed endothelium-lined spaces filled with blood Every- 
where the structure of the liver was distorted by peri- 
smusoidal deposition of amyloid, which compressed the 
hepatic cell cords Sections of kidney showed moderate 
deposits of amyloid m the glomeruli, the interlobular 
spaces and the walls of small arteries The spleen con- 
tained large masses of amyloid scattered irregularly 
through the red pulp 

Dog 9 — A female mongrel (cellophane tied about the 
hepatic veins) was in relatively poor condition at the 
time of operation but improved rapidly on a regular 
diet and ran a smooth postoperative course (table 3, 
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fig 3) Laparotomj on the one hundred and eighty-sixth 
postoperative da\ revealed a large, scarred liver There 
was no ascites, and the pressure m the portal vein was 
not taken Postmortem examination showed that the 
ligature enclosed only the hepatic v cins and encroached 
10 to 20 per cent on their lumens The liver weighed 
57a Gm , the spleen was not enlarged 



Fig 3 — Changes in packed cell volume, hemoglobin 
md plasma proteins after obstruction of the hepatic 
ems of dog 9 


Histologically the ligature was embedded in pus sur- 
ounded by a thick zone of cellular connective tissue 
esembhng that found in dog 6 Near the capsule of 
liver were localized areas of moderately dilated 
>'nusoids and atrophied hepatic cells without obvious 
'elation to the hepatic lobules Near the lulus of the 
*'er there was a moderate diffuse atrophy of the 
hepatic cells, and many Kupffer cells contained hemo- 
siderm Sections of spleen and kidney were not 
^markable 


Table 3 — Hemoglobin, Packed Cell Volume and 
Plasma Piotcm Values of Dog 9 




Packed Cell 

Plasma 

Hcmo 

Volume m % 

Proteins 

Comment 

globm 

in% 

R B C 

J. 

WBC 

■on Gm / 
100 Ce 

^ tmnr^ reo P » thin and in 




.Poor condition 

^^ P roX’ C ° nd ‘ ti0n 6 °° d 

vomiting once 
5 4^poBton' C ° ndition t00d 


35 

1 0 

5 1 

60 

65 

30 5 

31 1 

1 3 

1 1 

70 

70 

70 

70 

37 

38 2 
38 

1 1 
18 

1 4 

7 2 

72 

7 1 

I, 1 !® postop 
ler ^ 55 1,ost °P 

L "«P<>T>p ’ Perurn taken 
ttonw1 latlon test and elec 
.aUon tlc P ro tein fraction 

1S7 date P as top .condition good 
Jlj postop 

>.p&C,° P d °eWHedafter 

80 

87 

40 

42 5 

1 1 

70 

83 

82 

77 

43 

41 

34 

10 

10 

10 

83 

84 

96 


RESULTS 

"^ le initial blood values of each dog and of 
t ki° ntr0 l do & on a simlIar diet are gathered in 
a e ^ Serum for protein fractionations and 
Peculation tests was obtained from dog 3 on 
e two hundred and thirty-fifth postoperative 


day, fiom dog 6 on the one hundred and ninety- 
seventh and from dog 9 on the one hundred and 
sixty-sixth Schlieren tracings of the electro- 
phoretic patterns at two and one-half hours are 
reproduced m figure 4 The calculated protein 
fractions appear m table 5 Cephahn-cholesterol 
flocculation tests on the same seium yielded the 
results m table 5 

COMMENT ON RESULTS 

1 he initial values of the packed cell volume of 
these dogs (table 4) have an average consider- 
ably higher than the 32 7 per cent reported by 
Kisch 12 The average initial values of the plasma 
proteins are also somewhat higher than the aver- 



p lg 4 —Schlieren tracings at two and one-half hours, 
showing results of electrophoretic protein fractionation 
,n dogs surviving obstruction of the hepatic veins 


ages of 4 9 Gm per hundred cubic centimeters 13 
and 6 2 Gm per hundred cubic centimeters 14 
found in other series The packed cell volumes 
red cell counts, hemoglobin values and plasma 
protein levels were higher in the male dog than 
m the female Administration of pentobarbital 

12 Kisch~ B , and Strauss, E Hematocrit Readings 
of Normal Dogs, Exper Med £_ Surg 1 _50-_ol 
(Aug ) 1943 

13 Elman, R Acute Hjpoprotememia Following a 
Single Severe Hemorrhage m the Fasting Dog, Am J 
Physiol 128 332-337 (Jan ) 1940 

14 Achard, C, Banetj, M, Codoums, 4, and 
Hadjigeorges, E Amjlose experimentale et peturba- 
tion de 1’equilibre protidique du sang chez le chien par 
injections intrav emeuses de caseinate de soude Compt 
rend Soc de biol 108 702-704, 1931 
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sodium produced m most instances an effect sug- 
gestive of hemodilution 

Polycythemia developed m none of the 3 dogs 
which survived attempts to ligate the hepatic 
veins Although m each animal the procedure 
was different and a different degree of occlu- 
sion of the hepatic veins was thereby produced, 
these results support the popular view that poly- 
cythemia precedes thrombosis of the hepatic veins 
when the two conditions coexist 

Anemia and hyperprotememia did develop m 
each of the surviving animals These changes 


albuminuria of renal amyloidosis Protein frac- 
tionation showed extreme hypoalbunnnemia and 
hyperglobuhnem la by virtue of increases in alpha 
and beta globulin, changes, in a word, similar 
to those reported by Longsworth and associates 15 
m cases of obstructive jaundice Hyperglobu- 
hnemia has been reported in experimental ani- 
mals 16 and in human beings 17 with amyloidosis, 
but it has not been made clear whether hyper- 
globuhnemia is primary or secondary' to the 
deposit of amyloid The instance reported here 
sheds no light on this problem Leutsclier’s 17,5 


Table A—lmtial Blood Babies of All Expeumental Dogs with Refeiencc to Set and Weight, Comparison of 
Values Before and After Anesthesia Induced with Pentobarbital Sodium 


JPacled 








H emo 

Cell 




W eight, 




globin 

Volume, 

Flasma 

Animal 

Se\ 

Rg 

Comment 

BBC 

* W BCf 

per Cent 

per Cent Protem i 

Dog 1 

31 


Before operation 

49 

10175 

83 

42 





After operation 

51 

8,700 

82 



Dog 2 

M 


Before operation 

5 0 

8 550 

81 






After operation 

54 

5,400 

72 

33 


Dog 3 

M 


Before operation 

GO 

15,a00 

no 

52 5 

67 




After operation 

54 

12 350 

90 

43 


Dog 4 

F 

12 0 

Before operation 




30 

4 6 

Dog 5 

M 

10 0 

Before operation 

G 3 


100 

50 

Cl 

DogG 

M 

12 « 

Before operation 

6 4 


82 

46 

60 

Dog 7 

M 

15 0 

Before operation 

74 


105 

49 

63 

DogS 

M 

10 0 

Before operation 

G 5 


100 

IS 

67 

Dog 9 

F 

113 

Before operation 

4 a 


55 

35 

52 

Control 

M 


So operation 



106 

512 

69 





Male and Female 

Male 

Female 

Average packed 

cell volume 

(10 dogs) 


43 0 

46 4 


32 5 

Average initial red blood cells (10 dogs 9 male 1 female) 


6 1 

6 2 



V vingo initial hemoglobin m per cent (9 dogs, S male, l female) 


914 

9S 1 



Initial plasma proteins (b dogs G male 2 female) 


00 

64 


48 


' R B C = millions of red blood colls per cu mm of blood 
♦ W B C = white blood cells per cu mm of blood 

1 Plasma proteins arc expressed in Gm per hundred cubic centimeters of blood 


Table 5 —The Results of Ccphalm-Cholesterol Flocculation Tests and Elect) ophoretic Fractionation of Proteins 

in Dogs Sunnving Occlusion of the Hepatic T cuts 
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tlve 
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Cepholm 

Cholesterol 

Flocculation 

x 

Total 

Electrophoretic Fractionation (Calculated from Scblieren Diagram at 2% Hr ) 
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Gm / 
100 Cc 
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in 

% 
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mm 

at 

Glob 

ubn 

<12 

Glob 

ubn 

Bi 

Glob 

ulm 

& 

Glob 

ulm 

Glob 
0 ubn 

24 Hr 4S Hr ' 

m 

Gm 

m 

% 

m 

Gm 

in 

% 

m 

Gm 

m 

% 

in 

Gm 

m 

% 

m 

Gm 

m m 

% Gm 


3 23 o 0 0 6 b 

G IGi — — " "t* 8b 

1 IGti 0 ± 8 3 


20 1 1 77 10 G 0 72 

10 1 0 88 lo G 1 37 13 4 1 18 

2 07 2 66 6 0S 0 sO 3 42 0 2S 


19 8 

1 3o 

10 0 

1 29 

24 5 

167 

33 6 

296 

IS 5 

163 

S S 

0 78 

3196 

265 



20 5 

2 21 


appeared after seven months in the dog with 
a minimum of occlusion ot the hepatic veins and 
hepatic damage (dog 3) Electrophoretic frac- 
tionation of the proteins in this dog show ed some 
hvpoalbumincmia at a time when the total pro- 
tein level was at the upper limit of normal 
Progressive anemia and hyperprotememia ap- 
peared in dog 6 one month after operation, but 
the interpretation of these changes is difficult 
because ot the simultaneous and probablv lor- 
tuitous development of amyloidosis m this ani- 
mal The terminal decline in total protem ot 
the blood in this dog was probablv due to the 


15 Longsworth, L G , Shedlovsky, T , and Machines, 
D A Electrophoretic Patterns of Normal and Patho- 
logical Human Blood Serum and Plasma, J Exper 
Med 70 399-413 (Oct) 1939 

16 Achard et al « Longsworth et al 15 

17 (a) Eklund, C M, and Remiann, H A The 

Etiology of Amjloid Disease, Arch Path 21 1-9 (Jan) 
1936 ( b ) Tiber, 4 M , Pearlman, A W, and Cohen, 

S E Hepatic Function in Patients with Amyloidosis, 
Arch Int Med 68 309-324 (Aug) 1941 (c) Pearl- 

man A W Amyloidosis 4. Clinical and Pathological 
Study of One Hundred and Thirty-Five Cases, Quart 
Bull , Sea View Hosp 6 295-308 (April) 1941 ( d ) 

Leutscher, J A Electrophoretic Analysis of Plasma 
and Urinarj Proteins, J Chn Investigation 19 313-320 
(March) 1940 
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electrophoretic separations show ed an mu case m 
gamma globulin m a patient with amyloidosis 
Anemia and I13 perprotemenua de\ eloped in 
dog 9 thi ee to four months atlei opeiation 
Here the electrophoretic pattern show ed a mod- 
erate hr poalbumincmia and the hrpeiglolw- 
Imemia was due to an mcicase m the beta 
and gamma globulin fractions In dogs 6 and 9 
a rise m plasma protein and a fall in packed cell 
rolume foreshadowed futuie changes as eaily 
as the first postoperatn e w cek 
Kabat and co-workers 18 found that flocculation 
ol cephalin-cholesteiol mixtures depended on an 
increase in serum gamma globulin In these 
animals flocculation w as obtained onl\ w ith sei um 
m v. inch the gamma globulins w ei c i elatir eh and 
ibsolutelr reduced m amount It was once 
udely accepted that cirrhosis or othei forms of 
lepatic damage led to a diminution of serum 
irotein Recent writers hare stiessed the fre- 
luency of hrperglobulmemia in diseases of the 
ner 18 Usuallr there is enough concomitant 


18 Rabat, K \ , Hanger, F M , Moore, D FI , and 
-andow, H Relation of Ccplialin Flocculation and 
olloidal Gold Reactions to Serum Proteins, J Clin 
"'estigation 22 563-568 (July) 1943 

19 (0) Loeb, R F Plasma Proteins in Health and 

><ease, New England J .Med 224 980-987 dune 5) 
11 (6) Janewaj, C A The Plasma Proteins 

e <r Importance in Clinical Medicine and Surgery, 

'id 229 751-756 (Nov 11), 779-785 (Nov IS) 1943 
;) Kagan, B M Studies on the Clinical Significance 
the Serum Proteins, Arch Int Med 71 157-163 
e ) 1943 (d) Jeghers, H, and Selesmck, S 

S r0teinemia bs Significance, Internat Clin 3 
(Sept) 1937 (c) Bing, J Further Investi- 

m-L 011 Hyperglobuhnemia, Acta med Scandinav 
« 047-564 and 565-583, 1940 (/) Madden, S C, and 

■PPle, G H Plasma Proteins Their Source 
f° u ^tion and Utilization, Physiol Rev 20 194-217 
Pnl) 1940 (g) Casten, D , Bodenheimer, M , and 

g am, I A Study of Plasma Protein Variations 
Logical Patients, Ann Surg 117 52-73 (Jan) 
J W Cardon, L, and Atlas, D H Incidence 
7 ion USes Kyperprotemernia, Arch Int Med 71 
J _ y ° (March) 1943 '(0 Post, J, and Patek, A 

crum Proteins in Cirrhosis of the Liver Relation 
> ro S n °sis and to Formation of Ascites, ibid 69 67- 
_ Uan) 1942 , Nitrogen Balance Studies on Five 
wnts, ibid 69 83-89 (Jan) 1942 , 0) Serum Proteins 
• , e ?t ,on to Liver Disorders, Bull New York Acad 
ied 19 815-830 (Dec) 1943 


hypoalbuminemia so that the total protein level 
lemains normal but distinct increases m total 
protein may occur 20 Hypoalbuminemia and 
lwpeiglobulinemia in the presence of damage to 
the liver suggest a principally hepatic source of 
seium albumin and a multiple origin of serum 
globulin 21 Globulin may be formed 111 part m 
the cells of the reticuloendothelial system 22 

Anemia and hyperpiotemenna have not been 
lcpoited in the obstiuction of human hepatic 
veins , thus the human counterpart of this experi- 
mental syndiome is not available It is piobable, 
hovovei that hj peiglobulinemia occuis m he- 
patic damage lesultmg fiom occlusion of the 
hepatic veins m human beings, and anemia is 
common with other forms of disease of the li\ ei 
lesultmg in cirrhosis Whipple has demon- 
strated a 40 per cent diminution of hemoglobin 
pioduction factors with the hypoprotememia 
(1 e, hypoalbuminemia) of curhosis 23 

SUMMARY 

Ligation of the hepatic veins was attempted m 
9 dogs Three suivived the operation for two 
hundred and eleven two hundred and tw'enty- 
eight and two hundred and seventy days In 
each of these dogs anemia and hyperproteineuna 
developed Hypoalbuminemia and hyperglobu- 
hnemia were demonstrated by electrophoretic 
fractionation of protein The gross and histologic 
observations on each animal are described Amy- 
loidosis, probably unrelated to ligation of the 
hepatic veins, developed m 1 animal These 
experiments suggest that polycythemia precedes 
thrombosis of the hepatic veins when the two 
diseases occur concomitantly The concept of 
extrahepatic formation of serum globulin is sup- 
ported 

20 Amberg, S Hvperproteinemia with Severe Liver 
Damage, Proc Staff Meet, Mayo Clin 17 360-362 
(June 10) 1942 Cardon and Atlas 19h 

21 Loeb 19a Madden and W hippie 191 

22 Loeb 10a Bing 18e 

23 Whipple, G H, and Robscheit-Robbins, F S 
Hemoglobin Production Factors in Human Liver 
Anemias, Hypoprotememia, Cirrhosis, Pigment Ab 
normalities and Pregnanc>, J Exper Med 76 283-298 
(Sept ) 1942 



CHEMOSURGICAL TREATMENT OF CANCER OF THE LIP 

A MICROSCOPICALLY CONTROLLED METHOD OF EXCISION 

FREDERIC E MOHS, MD 

MADISON, WIS 


In the treatment of cancel of the lip a chemo- 
surgical procedure offers certain important 
advantages As previously described, 1 the 
chemosurgical method was devised to provide a 
microscopically controlled means for the excision 
of various accessible forms of cancer The 
method entails, first, chemical fixation of the 
suspected tissues m situ and, second, systematic 
excision and microscopic examination of the fixed 
tissues This process of fixation, excision and 
microscopic examination is lepeated until a micro- 
scopically cancer -free surface is reached The 
mam adiantages confeired by the nucioscopic 
control aie (1) unprecedented reliability and (2) 
conservatism 


tolytic, such as dichloroacetic acid or a saturated 
solution of trichloroacetic acid, is applied until 
the surface becomes white Keratolysis is neces- 
sary to render the keratin lay er permeable to zinc 
chloride If the keratm layer is hard and thick - 
it may be necessaiy to scrape the surface repeat- ' 
edly and reapply the keratolytic 

The zmc chloride fixatne is then applied to 
the cancer in a thickness varying from less than 
1 mm to 3 mm or moi e, depending on the depth • 
of penetration required When the cancer is 
large the dose is at fust correspondingly large, 
but as a cancer-free level is approached the dose 
is reduced The formula of the fixative paste now 
used m our clinic is as follows 2 40 Gm of stib- 



Fig 1 — Example of dressing used for a large cancer of the lip 


TECHNIC 

Preparatory to the first application of the fixa- 
tive the skin surrounding the cancer of the lip 
is freshly shaved, all crusts and scales are re- 
moved from the surface of the tumor and a kera- 

This project was aided b> the Thomas E Brittmg- 
ham Fund the Wisconsin Alumni Research Foundation 
and the Jonathan Bowman Memorial Fund 

From the Department of Surgery, Dr E R 
Schmidt, chief, State of Wisconsin General Hospital 
and the McArdle Memorial Laboratory for Cancer 
Research 

1 (a) Mohs, F E, and Gu\er, M F Pre- 
Excisional Fixation of Tissues in the Treatment of 
Cancer in Rats, Cancer Research 1 49 (Jan) 1941 ( b ) 
Mohs, r E Chemosurgerj A Microscopically Con- 
trolled Method of Cancer Excision, Arch Surg 42 279 
(Feb) 1941 


rate (80 mesh sieve), 10 Gm of powdered san- 
guinary and 34 5 cc of a saturated solution of 
zmc chloride 

The applied fixative is then covered with cot- 
ton, and this in turn is covered with an over- 
lapping gauze-covered cotton dressing on which 
petrolatum has been spread to make it air tight 
The dressing is then securely affixed with strips 
of quarter-inch or half-inch adhesive tape applied 
transversely and following the contour of the 
tumor (fig 1) If the lesion extends back into 

2 As previously pointed out, la various other 
materials may be substituted for stibmte and for 
sangwnaria The most satisfactory substitute for stibmte 
is made from clinkers from bituminous coal by grinding 
and passing them through an 80 mesh sieve Rye flour 
is a satistactory substitute for pow'dered sangumaria 
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the oral mucosa it is often desirable to place half- 
inch or 1 inch ( 1 25 or 2 5 cm ) tapes ovei the 
dressing in an antenor-posterior direction, ex- 
tending from the skin of the chin externally 
to the gmgivolabial sulcus internally The tape 
m the latter position is held in place by the pres- 
sure between the teeth and the lip, though of 
course it does not adhere to the oral mucosa 
Dressings at the coiner of the mouth aie 
similar to those of the lowci lip except that the 
hah inch tapes fiom the upper and lower lips 
and ironi the cheek converge on the mucosal side, 
u here they are held m place by pressure between 
the cheek and the teeth Dressings for the uppei 
hp are similar to those of the lower lip 
The patient is then instructed to dunk his 
liquids through a stiaw' or a glass tube and 
to use care while eating to avoid undue soiling 
and movement of the dressing Analgesics, varv- 


After the first layer of tissue is excised it is 
usually possible to differentiate the fixed can- 
cerous tissue, with its dead white color and 
ciumbly consistency, from the fixed normal tis- 
sue, with its gray color and firm consistency 
When cancer is thus grossly visualized, sections 
of the entire plane are unnecessary and only 
specimens for pathologic diagnosis are taken It, 
however, the cancer is small, it is sometimes feas- 
ible to cut a section horizontally through the 
undei surface of the fiist-remo\ed specimen, and 
it this plane is fiee of cancel no further treatment 
is necessaiy 

\\ hen more cancerous tissue is known to be 
present the zinc chloride fixative is reapplied to 
the surface exposed by the fiist excision Again 
the dose is judged to give the desned penetration 
Twenty -foui hours later another latei of tissue 
is excised (fig 2 A, second incision) If as 



First Excision 

_Cancer grossly visible 
— - 

■Second^ Excision 

- Cancer^grossly invisible 

a 



Fourth Excision 
Third Excision 

, r >s 2 — Diagram illustrating the chemosurgical technic A (front Mew), cancer of the lover lip, indicated 
b) stippled area, with outgrowths a, b, c and d After da.ly chemical fixation of the tissues in s’tu exc s o 
^ned out at the four levels indicated After the first excision the cancer (in this exan P le > * J ‘ „„ 

u after the second excision the cancerous tissue cannot be recognized gross v icre or > under surtace 

' s divided into specimens and mapped as shown in B (top view) Frozen sections cut tl rough the under sunace 
f specimens reveal cancer in areas a, b, c and d, corresponding to the dov ngrovths n d On hie can 
cer «us areas are again fixed and excised, and the process is repeated until a cancer-free plane is reached 


In S from acetylsahcyhc acid to codeine or even 
uiQrphme, may be prescribed according to the 
extcnt of the lesion and the sensitivity to pain 
of fre patient , often no ai r algesic is required The 
Patient usually lemains ambulatory, often going 
3 ° ut his business as usual 
After twenty-four hours the first layer of fixed 
ISSl ' e excised with a scalpel (fig 2 A, first 
F c,s ion) Since the incision is made through 
1 and fixed tissue, there is no pain or bleed- 
Ul § front this operation unless the incision is 
advertently carried too deeply If bleeders are 
Countered they aie controlled by applying a 
SI11 all square of gauze impregnated with the fixa- 
!' e bnder momentary pressure Bleeding from 
' e labial and the external maxillary arten can 
re adily be stopped by this means 


the diagramed example, the extensions of 
icer at this level are small m caliber, the) 

: invisible to the naked ev e and their detection 
[uires microscopic examination of the unde, 
■face of the excised la\er 

phis microscopic examination is accomplished 
dividing the lajer into specimens as it is re- 
ve d The edges of the specimens are marked 
h india mk blue ink and mercurochrotne for 
entation (indicated b\ «au broken and solid 
;s respectn eh on the map in figure 2 B), and 
nap of each specimen is drawn on the les.o i 
ith mercurochrome or ink) and on a paci o 
, er (fig 2 B) The lesion is covered teir- 
anh with moist cotton to prevent harden: rg 
he surface while the frozen section- are be • g 
ie and examined 
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The specimens, having been fixed m situ, are 
usually firm and form retaining, and they are 
immediately cut through their under surfaces 
with a freezing microtome The sections are 
stained with hematoxylin and eosm, cleared and 
mounted in clarite The resulting sections, which 
have satisfactory microscopic detail for ready 
diagnosis (fig 3), are immediately examined and 
the areas of cancer lecorded on the map m red 
pencil (Cancerous areas are stippled m figure 
2 B) The india ink blue ink and mercuro- 
chrome markings for orientation are readily 
Msualized at the edges ot the sections 

After the exact location of the remaining 
cancer has been determined the fixative is reap- 
plied onh to the cancerous areas Twenty-four 


and relatively slight deformities are obtained 

In advanced stages m which sufficient lip struc- 
ture is removed to require a plastic repair, the 
tissues, because of their good vascular supply, lend 
themselves well to surgical procedures More- 
over, the preservation of a maximum amount of 
uninvolved tissue gives the surgeon more tissue 
with which to accomplish a favorable cosmetic 
result without the use of grafts 

THERAPEUTIC RESULTS IK CASES OE CAKCER 
OF THE LOWER LIP 

At the time of writing a total of 197 micro- 
scopically proved squamous cell carcinomas of 
the low r er lip have been treated chemosurgically 

However, a minimum of six months must elapse 

/ 



Fig 3 — Photomicrograph of a squamous cell carcinoma of the lower lip which had been fixed in situ with 
zinc chloride There was some shrinkage of cells, but the histologic diagnosis was readily made 


hours later another layer is excised from each 
of the treated areas (fig 2 A third excision), 
and the tissues still containing cancer are again 
treated and excised (fig 2 A, fourth excision) 

IV hen a plane completely free of cancerous 
tissue is reached (e g fig 5 5), the wound 
is co\ ered w ith a gauze or cotton dressing spread 
w ith petrolatum to prevent excessive drying and 
shrinkage of the remaining thin layer of fixed 
tissue Three days later this final layer of fixed 
tissue may be remo\ed by snipping the holding 
strands of fibrous tissue with scissors (fig SC) 
If desired, it may be left another day or so to 
separate spontaneously 

The resulting smooth, highly -vascular, germ- 
resistant granulation tissue supports the excep- 
tionally rapid grow th of the epithelium across the 
wound During healing it is optional either to 
apply a gauze dressing spread with petrolatum 
or simply to apply petrolatum directly to the 
undressed wound As a result of the favorable 
conditions for healing, exceptionally comely scars 


before any significance can be attached to the 
results Accordingly, material m the following 
sections (up to the section on three year and 
five year results) concerns the cases of 176 con- 
secutive patients admitted to the chemosurgery 
clinic between July 7, 1936 and May 29, 1943, 
the latter date being more than six months pre- 
vious to the time of writing 

The lesions of these patients were in all stages 
All but 4 of the 176 patients were men The 
patients ranged from 22 to 91 years of age, with 
an average age of 62 6 years 
Primai y Lesion — Of the 176 squamous cell 
carcinomas of the lower lip treated chemosur- 
gically, 172 primary lesions were completely 
eradicated (97 7 per cent) as far as can be 
determined at the time of writing by a careful 
follow-up for a period of from six months to 
over seven years Chemosurgical treatment oi 
4 lesions was unsuccessful Three were incom- 
pletely treated because when it became apparent 
that the cancer bad invaded the entire body of 
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the mandible as well as the entire lip and chm, 
therapy was stopped at an optimal palliative 
level The unsuccessful treatment of the fourth 
was due to the poor cooperation of a demented 
patient, who persistently lemoved the dressing 
from his advanced cancer, a surgical excision 
was therefore done, also without success There 
were no failures that could be atti lbuted to a fault 
in the method 

All but 2 of the 172 primary lesions were 
eradicated by the first series of treatments Both 
of these were deep-seated carcinomas, recurrent 
after radium and roentgen therapy, m which out- 
lying masses, disconnected from the original 
tumor, were present These disconnected masses 
are occasionally found after part of a tumor has 
been killed by irradiation, and they constitute 


therapy for inoperable nodes, while 2 patients 
refused any treatment for their nodes 

Of the 16 metastatic lesions m patients with 
controlled primary lesions only 5 became appar- 
ent after removal of the cancer of the lip Thus, 
of 176 cases of this series in only 5 (2 8 per 
cent) was there involvement of nodes which 
made its clinical appearance after the chemo- 
surgical treatment This low incidence of metas- 
tasis confirms our previous findings that chemo- 
surgical treatment has no tendency to increase 
metastasis in rats la or in human beings lb 
In regard to the treatment of metastatic nodes, 
mj' present practice is to refer for surgical neck 
dissection all patients having freely movable 
metastatic nodes Patients with nonpalpable nodes 
or with small, shotty, benign-feeling nodes are 



F'g 4 — Example of primary lesion of group A (average diameter, under 1 cm ) A, squamous cell carcinoma 
in a young woman, B, granulations after removal of final layer of fixed tissue, C, healed lesion The patient is 
free of cancer after four years 


a hazard calling for more than usual care in 
check-ups following chemosurgical treatment At 
an y rate, these 2 carcinomas also finally re- 
sponded successfully to subsequent chemosurgical 
treatment 


Regional Metastasis — Metastasis to the re- 
gional lymph nodes occurred in 20 patients 
four of these were the previously mentioned 
Patients with incompletely treated primary le- 
sl ons, while the remaining 16 had no evidence 
of residual cancer at the primary site Of these 
o patients, 6 had successful surgical dissections 
°f the nodes by Dr E R Schmidt and his staff , 
m 1 the nodes recurred aftei several chemosurgi- 
cal and surgical dissections , 2 had partial chemo- 
surgical dissections, but the nodes were found 
*° f )e too extensive for complete removal , 1 had 
an unsuccessful surgical dissection two j ears later 
>n another city, 4 received palliative roentgen 


not subjected to prophy lactic neck dissections 
unless the primary lesion is large and/or the 
microscopic grade of malignancy is high When 
large, metastatic submental or submaxillary nodes 
are fixed to the mandible but there are jet no 
inoperable metastatic lesions evident in the cer- 
vical chain, I at times remo\ e the mass 
chemosurgically as will be described later in this 
paper Patients with hopelessly extensile meta- 
static nodes are usualiv referred tor palhatne 
roentgen therapy 

End Results After Six Months or More — 
While end results after six months are of limited 
use for the comparison of the chemosurgical 
method with other methods the\ come within 
a \erj few per cent of indicating the true ultimate 
prognosis m regard to the cancer The latter 
statement is true because residual foci of cancer, 
if left after chemosurgical treatment make them- 
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but lt , JS a!so °, f " lterest t0 note that th e 4 pn- tween histologic structure and prognosis (table 
man lemons winch were not eradicated were m 3) The decreasing success of treatment with 

S r0!lp D higher grades of malignancy is due mainly to 



F) g 6 Example oi pnman lesion of group C (average diametei 2 to 3 cm > 4 squamous cell carcinoma, 

^granulations alter remo\al of final laver of fixed tissue C healed lesion Metastatic submaxillar} nodes on 
f right side were partialh resected surgicalh and then radicalK remo\ed bj the chemosurgical technic The 
patient remains free of cancer after five vears 



lg '"Example of pnman lesions of group D (average diameter, 3 cm or more) 4 squamous cell carci- 
oma, B, granulations after removal of final lajer of fixed tissue C, healed lesion The patient refused neck 
^section , so he was referred for palliative roentgen therapj The lip was free of cancer when last seen ten 
n °nths after treatment 



F 'g 8 —Example of pnman lesion of group C at the commissure 4 squamous cell carcinoma involving 
the upper lip but also the lower hp and the buccal mucosa at the corner oi the mouth D granulations 
removal of the final laver of fixed issue, C, healed lesion The patient remains free ot career antr 

ei Enteen months 


p Beet of Histologic Giadc of Malignancy on 
., ro 9 ,1 °S'i-s ~ — Classification of the 16S cancers of 
e “P 0r t the basis of Broder’s four grades of 
a!l gnancy revealed a marked correlation be- 


the greater tendenev of the undifiercntiated cells 
to metastasire Of the 4 priman lessons v hicli 
could not he eradicated 2 were oi grade 2 I of 
grade 3 and 1 of grade 4 
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Effect oj Previous Treatment on Piognosis — 
In the 168 cases m the determinate group in 
which cancers of the lip were treated chemo- 
surgically, 41 (24 4 per cent) of the patients 
had been unsuccessfully treated by surgical opera- 
tion, roentgen rays, radium or caustics, alone or 
m combination, before reporting to the chemo- 

Table 1 —End Results After Sn Months or More in 
176 Cases of Cancer of the Lower Lip 


This senes Includes the cases of all patients with histologic 
ally proved squamous cell carcinomas, both early and advanced 
previously untreated and recurrent, with and without metastasis 
who were admitted to the chemosurgerj clinic from JuH 7 
1936 to May 29 1943 


Total number of ca c es 176 

Indeterminate group 

Patients dead from other causes without recurrence l 
Patients lost from observation without recurrence 7 
Total number 8 

Determinate group 

Total number 163 

Unsuccessful results 

Patients dead as a result of cancer 9 

Patients lost from observation uith cancer 3 

Patients living with cancer 2 

Total number 14 


Successful results 

Patients free from cancer after sir months or more la4 
Siv month end results 

Total number of cases with successful results divided 
by total number of determinate cases (154 — 16S) 91 7% 


Table 2 — Effect of Size of Ptnnatv Lesion 
on Piognosis 



Average 

Number 

Successful Results 


Diameter 

of 


. ^ 

Group 

Cm 

Lesions 

Number 

Per Cent 

A 

Under 1 

33 

32 

97 0 

B 

12 

86 

8o 

9S8 

O 

23 

S3 

SO 

90 9 

D 

3 or more 

16 

7 

438 

All groups 


163 

154 

917 


Table 3- 

—Effect of Histologic Grade of Malignancy 
on Prognosis 

Grade 

Number Successful Results 

of , »- , 

Lesions Number Per Cent 

1 

44 44 100 0 , 


104 97 93 ° s 

3 

16 12 7o 0 

4 

4 1 25 0 


T able 4 — Effect of Previous Unsuccessful Treatment 
on Prognosis 


dumber Successful Results 

of r~ , 

Patients dumber Per Cent 

Previously untreated 127 121 95 3 

Previously treated 41 33 89 5 


surgery clinic While it was possible to salvage 
33 (80 5 per cent) of these cases by the chemo- 
surgical treatment, the cure rate was appreciably 
below the 95 3 per cent for the cases m which 
the patients had not been treated previously 
(table 4) 


The unfavorable effect of previous treatment 
is probably largely due to delay m eradication 
of the cancer of the lip, with a resulting increase 
m extent of the primary lesion and incidence 
of metastasis 

Effect of Metastasis Diagnosed at Onset of 
Treatment on Prognosis — The most important 
factor m determining prognosis is the presence 
or absence of metastasis Thus of the 15 cases 
in which submental, submaxillary or cervical 
metastases were diagnosed at the onset of chemo- 
surgical treatment, only 4 (26 7 per cent) had 


Table 5 — Effect of Metastasis Diagnosed at Onset 
of Treatment on Prognosis 




Successful Results 

Metastasis Diagnosed at 

t 

" ' % 

Onset of Treatment 

Number 

Number Per Cent 

Ab°ent 

153 

150 93 0 

Present 

35 

4 26 7 

Table 6 — Three Ytar and Five Year 

End Results of 

Cases of Cancel of the Lower Lip 


These series include the cases of all patients with histologi 
cally proved squamous cell carcinomas, both early and ad 
vanced previously untreated and recurrent with and without 
metastasis, who were admitted to the cbemosurgery clinic 
from July 7, 1936 to Oct 2S 1940 for the three year group and 
from July 7 193G to Nov 19, 1933 for the five year group 



Three 

Five 


Year 

Year 


Period 

Period 

Total number of cases 

Indeterminate group 

Patients dead from other causes without 

91 

4a 

recurrence 

3?atfents lost from observation without 

13 

8 

recurrence 

a 

5 

Total number 

18 

13 

Determinate group 

Total number 

73 


Unsuccessful results 

Patients dead as a result of cancer 

5 

3 

Patients lost from observation with cancer 

o 

1 

Patients living with cancer 

i 

0 

Total number 

Successful results 

Patients free from cancer for three years 
or more (first column) or for five years 

8 

4 

or more (last column) 

Three year end results 

Total number of cases with successful re 
suits divided by the total number of 

65 

23 

determinate cases (65 — 73) 

Pive year end results 

Total number of cases with successful re 
suits divided by the total number of 

89% 

87 0$ 

determinate ca=es (28 — 32) 



a successful outcome, while of the 153 cases m 
which metastases were not found at that time 
successful results were obtained m 98 per cent 
(table 5) 

Thee Year and Five Year End Results — 
Every effort is made to trace all patients for at 
least five years There are, of course, the in- 
evitable deaths from intercurrent disease and 
the patients lost from observation before the end 
of the three year or five year period These 
patients’ cases are included m the indeterminate 
group, after the example of Martin, MacComb 
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and Bladx The determinate group, on the other 
hand, includes those cases m which patients have 
died from cancer, been lost from obsenation 
mth cancer or are living with cancer and those 
free from cancer after the thiee yeai 01 five xeai 
penods 

In the three y ear period successful results were 
obtained in 89 per cent of the 73 cases m the 
determinate group (table 6) and m the fne veat 
penod, in 87 5 per cent of the 32 cases m this 
group (table 6) 

THERAPEUTIC RESULTS IN CASES OT C\NCER 
OF THE UPPER LIP 

Eight patients with the relatively uncommon 
cancer of the upper lip (fig 9) were treated 
in the clieinosurgery clinic A number of com- 
missural lesions involved the upper lip to some 
extent (fig 8), but reports of these are omitted 


dissections except for those with large sub- 
maxillaiy masses firmly adherent to the mandible 
and othei structures (fig 10) These fixed 
masses are removed chemosurgically if the grade 
of malignancy is not too great and ,f there are 
no inopeiable lesions in the ceivical chain 

The technic is essentially the same as that 
for the lesions on the lip, chemical fixation being 
carried to a nuci oscopically cancel -fi ee level Tins 
procedure usually exposes at least the mandible, 
the submaxillary sail van gland and the mylohy- 
oid and sternocleidomastoid muscles (fig 10 5) 
The mandibular branch of the facial nerve is 
otten interrupted The cancer almost invariably 
involves the periosteum of the mandible, and in 
some cases the bone is eroded The extent of 
involvement of bone can be seen grossly, w'hich 
is fortunate because it is of course impossible to 
make frozen sections oi bone However, speci- 



( 9 — Squamous cell carcinoma of the upper lip A, before, and B, after, chemosurgical treatment The 

ltn t rei uams free of cancer after fifteen months 


because they w r ere included m the pre- 
e ln g series There were 2 patients with 
"'successful results 1 for whom chemosurgical 
re atinent was temporarily stopped until another 
pessary operation could be performed, and 
j 0 su ddenly died of coronary occlusion before 
'eniosurgical treatment could be resumed, 1 m 
j ° ni cery ical metastases developed which at the 
]^ e Writing have recurred after two surgical 
sections, although the upper lip remains free 
1 cancer 

The end results after six months or more were 
n ^ ssful f °r 5 of the 7 cases (71 4 per cent) 
j determinate group At the five year 
n !? resi, hs were successful for 2 of the 4 cases 
le determinate group 

^EMOSURGICAL TREATMENT OF INOPERABLE 
SUBMAXILLARY NODES 

1 , S P revi °usly mentioned, patients with regional 
as hses are referred for standard surgical 


mens of soft tissue eroding the bone can be 
sectioned for confirmation of gross visualization 
The zinc chloride fixative penetrates well through 
the bone, though somew'hat more slowly than 
through soft tissues The fixed bone is removed 
wuth a rongeur or a chisel The process is re- 
peated until solid, uninvolved osseous tissue is 
reached 

After three or four weeks a line of demarcation 
forms under the remaining layer of fixed bone, 
and the sequestrum can then be grasped with a 
rongeur and lifted off the sound bone The 
granulation tissue thus exposed supports the 
rapid grow th of the skin across the wound The 
resulting scar is not too disfiguring (fig IOC) 

A total of 12 patients with inoperable sub- 
maxillarv nodes were treated chemosurgicalh 
The primary lesions had been remoxed In sur- 
gical operation and/or irradiation in all but 3 
patients, who had been treated chemosurgicalh 
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Five of the metastases were widespread, cauli- 
flower-like masses, which were obviously hope- 
less but which were removed to relieve the 
patients temporarily of the large, malodorous 
lesions Of the 7 remaining patients 1 was 
apparently free of cancer for one year (the 
patient died three years later of undetermined 
cause) and another appears to be free of cancer 
at the time of writing, after two years In the 
other 5 either the mestastatic nodes proved to be 
too far advanced for complete removal or else 
cen ical metastases were uncontrolled 

THERAPEUTIC RESULTS TOR OTHER 
NEOPLASMS Or THE LIP 

The microscopic control of excision aftorded 
by the chemosurgical method is also of value m 
assuring the complete removal of other neo- 
plasms 


Squamous Cell Papilloma — Four papillated, 
hyperkeratotic lesions were removed from the 
lower lip by chemosurgical measures, with no 
return of the papillomas after periods of from 
seven months to four years 

Fibioma — One fibroma of the lower lip was 
removed chemosurgically, and there was no evi- 
dence of it when the patient died of other causes 
after three months 

Epidei mold Cyst — One post-traumatic epi- 
dermoid cyst was chemosurgically excised from 
the lower lip, with no return after seven months 

THERAPEUTIC RESULTS TOR PRECANCEROUS 
LESIONS OF THE LIP 

In the prevention of cancer of the lip, the 
chemosurgical technic is of value as a simple 
and a reliable method for the eradication of pie- 
cancerous lesions The accurate histologic diag- 



I ig 10 — -A fi\ed subtnaxillary nodes secondar} to a squamous cell carcinoma of the lower lip (the latter had 
been treated with radon seeds over a period of two years, after which -a surgical resection and two plastic opera- 
tions were done), B after chemosurgical treatment, showing exposed mandible, nwlohyoid muscle and sterno- 
cleidomastoid muscle, C, healed lesion The patient showed no evidence of cancer when last seen one year later, 
he died of undetermined cause after three years 


Basal Cell Caicmoma — Most basal cell car- 
cinomas involving the lip do so bv invasion from 
an origin in the skin outside of the lip proper 
but reports on these are omitted from this paper 
Onl) one basal cell carcinoma originating in the 
lip w as treated chemosurgically It was a lesion 
1 4 cm m diameter on the low er lip The patient 
was tree ot cancer alter five )ears 

Hemangioma — Halt of the hemangiomas in 
this series were not diagnosed as such until the 
sections were examined because when these 
lesions become ulcerated hemorrhagic and crusted 
thev otten resemble cancer All ot the 8 heman- 
giomas treated diemosurgicalh were ot the capd- 
larv tvpe and all involved the lower lip Xone 
of them showed anv evidence of recurring after 
from three months to five vears 


nosis afforded bj the method is a distinct ad- 
vantage, because it is often impossible to be 
sure clinically whether these lesions are pre- 
cancerous or cancerous 

The technic is essentially the same as that 
used m the treatment of cancer Horizontal 
sections through the undei surface of the first 
excised specimen are made to make sure there 
are no deeper downgrouths and then the speci- 
men is turned on edge, and vertical sections are 
made for diagnosis 

Pi ccancei ous Kciatoses, Ulceis and Ftsstnes 
— These precancerous lesions are considered to- 
gether because thev giade into each other and 
seem to be simph different manifestations of 
the same process The initial lesion is usually 
a keratosis — often starting as a localized scab 
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or horny excrescence at one point m a nari o\v 
hyperheratotic line extending across the en- 
tire lip The adherent scale maj be picked off 
b) the patient 01 othenvise traumatized, forming 
an ulcer, which may heal temporal ih but which 
more often persists and extends In patients 
with clefts along the lower lip 01 at the com- 
missures the ulcers may take the form of non- 
healing fissures Occasional!) the gianulations 
are so prominent that a diagnosis of granuloma 
pjogemcum is justified 

For a total of 44 patients these precancerous 
lesions of the lip were removed chemosuigically 
Of these patients, 34 ivere followed for periods 
of from one month to seven years (average, two 
jears) At the time of writing none of the 
lesions had recurred noi had the lemaining tis- 


Radiatton Ulceit * — The nonhealmg ulcers 
which may result from roentgen or radium treat- 
ment of lesions of the lip may be classed as pre- 
cancerous lesions The purpose of the cherno- 
surgical treatment of these lesions is to remove 
the poorly vascularized, scarred tissue so that 
prompt healing occuis 

Six radiation ulcers were treated chemosur- 
gical i\ and of these 5 were followed from one 
month to seven years (average, thirteen months) 
Only 1 broke down after treatment, but further 
chemosurgical therapy healed it None under- 
went malignant change 

COMMENTS 

As previously stated, the microscopic control 
piovided bj the chemosurgical method is respon- 



se 




alter 


j’. Uc Un dergone malignant change In none of 
le patients was theie a defect in the lip, and 
’ e scar s were practically invisible (fig 11 A, B) 
Leukoplakia — Because leukoplakia presents a 
.jj'uute clinical and histologic entity (fig H C 
' 4 is considered separately from the otliei 
^cancerous lesions, though the hyperplasia and 
le hyperkeratosis in all of these conditions are 
l lr obably essentially similai 
sixteen patients with leukoplakia were treated 

'■beinosurgically Ten were toll owed foi period^ 
ot l '\o months to six jeais (aaerage two 'ears) 
ai ’d not a single instance ot lecuirence or mahg- 
uant change was obsened 


e foi two important advantages in the treit- 
nt of cancer of the lip nanich (1) unprecc- 
,ted i eliabiht\ and (2) conservatism 
Phe «reat iehabihn oi the method v atie- ui 
the tact that m 197 cases ot c nicer or tK 
e , hp there were onh 4 lailures to cndic*>v 
priman lesion and as prevou-h pmme 
none of these lailure- could be "’t nh u> 

„ tault oi the method Tin* recon 
ned despte the net tint 24 4 c- 
jrimarx knom had earlier new ’ a- c 
treated In other me nod- 
orcoeer the eiire ra c o fc-7 5 ’ -jr- 1 
fi\e tear ] ermf eoni-re- 


\ "- 
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that at the large, well known centers for the 
treatment of cancer m this and other countries 
Thus the end results after five years given m 
recent years by workers from some of these 
institutions are as follows Martin and associ- 
ates 3 (1941), 70 per cent, Bergendal 4 (1938), 
SO per cent, Schreiner and Christy 5 (1942), 
75 7 per cent, Newell 6 (1939), 61 6 per cent, 
and Lacassagne 7 (1929), 58 per cent 

The conservatism of the method and the con- 
sequent cosmetic results are shown in the preced- 
ing photographs Defects requiring subsequent 
plastic repair are obtained only when advanced 
lesions are removed When defects result they 
usually are so minimal that most of the patients 
refuse the simple repair offered them 

The importance of the microscopic control af- 
forded by the chemosurgical method was repeat- 
edl) brought home when, time after time, 
unsuspected outgrowths of small caliber from 
the mam tumor mass were found microscopically, 
at times extending a considerable distance after 
becoming grossly invisible In several instances 
the cancer extended along nerves picked up in 
the chin and followed them through the mental 
foramen and then for several centimeters along 
the inferior dental canal A reconstruction of 
cancer with such a tendency to follow nerves 
d the appeal ance of a pincushion on its under 
uitace More often, however, the slender out- 
grow ths did not follow any specific structure but 
simph follow ed along planes of reduced resistance 
to their spi ead Often the orbicularis oris muscle 
had slightly more resistance to the cancer than 
the softei tissues anterior and posterior to it, 
and the chemosurgical method allowed the pres- 
ervation of a maximum amount of this structure 
The chemosurgical procedure carried prac- 
tical!) no risk, even m elderly patients with 
advanced cancer of the lip In no case was 
infection a problem, even though many of the 
patients had severe oral sepsis, the absence of 
infection w as due to the sterilization of the lesion 

3 Martin, H , MacComb, W S , and Blady, J V 
Cancer ol the Lip, Ann Surg 114 341 (Sept) 1941 

4 Bergendal, A A Review of Twenty Years’ 
Radium Treatment of Lip Cancer at the Radiological 
Clinic, Lund, Sweden, Acta radiol 19 103 (May) 1938 

5 Schreiner, B F , and Christy, C J Results of 
Irradiation Treatment of Cancer of the Lip Analysis 
of 636 Cases from 1926-1936, Radiology' 39 293 (Sept ) 
1942 

6 Newell, E T Carcinoma of the Lip Clinical 
and Pathologic Study of 390 Cases, with a Report of 
Fne Year Cures, Arch Surg 38 1014 (June) 1939 

7 Lacassagne, A Les resultats de la curietherapie 
des epitheliomas des leires, Arch d’electric med 39 
358 (Oct) 1929 


by the fixative during the treatment and to the 
resistance to germs of the granulation tissue after 
the separation of the final layer of fixed tissue 
In fact, after chemosurgical treatment the dress- 
ings can safely be cared for by the patient him- 
self Hemorrhage during separation of the final 
layer of fixed tissue occurred m 3 patients of 
this series Two hemorrhages were stopped 
within twenty minutes by the application of 
pressure and one rvas stopped by a suture- 
ligature 

The low incidence of metastasis appearing 
after chemosurgical removal of the primary lesion 
confirms our earlier impression 1 that chemical 
treatment of cancers has not the slightest tendency 
to cause further metastasis Whether or not this 
method has less tendency to produce metastasis 
than surgical operation, with its handling factor, 
or irradiation, with its delay factor, cannot be 
determined with the statistics now at hand 

Chemosurgical treatment is particularly ad- 
vantageous for cancer of the lip recurrent after 
surgical operation or irradiation Such lesions 
often respond poorly to repetition of the original 
therapy, but they almost invariably respond to 
chemosurgical treatment 

This technic requires specialized training and 
a specially equipped clinic It is my opinion 
that one such clinic should eventually be made 
available to every large center of population 

6 

SUMMARY AND CONCLUSIONS 

The chemosurgical treatment of cancer of the 
lip has the great advantage of microscopic con- 
trol of excision This feature accounts for the 
unprecedented reliability and the conservatism 
of the method 

The reliability of the method is indicated by 
the unusually high proportion of successful re- 
sults after six months (91 5 per cent of 164 
cases), after three years (89 per cent of 73 cases) 
and after five years (87 5 per cent of 32 cases) 
Although 24 6 per cent of the cancers of the 
hp had previously been unsuccessfully treated 
by other methods, 97 7 per cent of the primary 
lesions were eradicated by chemosurgical treat- 
ment 

The conservatism of the method allows preser- 
vation of a maximum amount of uninvolved hp 
tissue, with consequent excellent cosmetic results 

It is also an efficient treatment for carcinoma 
of the upper hp, for basal cell carcinoma, for 
various benign neoplasms and for precancerous 
lesions of the lip 

Firmly fixed submaxillary nodes constitute 
the only metastatic lesions for which chemosur- 
gical treatment is indicated 



EFFECTS OF CONTINUOUS AND OF INTERMITTENT APPLICATION 
OF A TOURNIQUET TO A TRAUMATIZED EXTREMITY 

ALFRED BLALOCK, MD 

BALTIMORE 


It is generally recognized 1 that one should not 
employ a tourniquet for the control of bleeding 
if other means will suffice If the use of a 
tourniquet is necessary, it is desnable to release 
it from tune to time in order that some oxygen 
may be transported to the ischemic tissues 
Unfortunately, the conditions in which the use 
of a tourniquet is requited for the control of 
bleeding are usually such that intermittent 
release results m the loss of a pi ohibitive 
quantity of blood Neveitheless it appealed to 
be of interest to investigate expei imentally the 
comparative effects of continuous and of inter- 
mittent application of a tourniquet to a trauma- 
tized extremity In previous experiments 2 it 
was found that the application of a tourniquet 
to a traumatized extremity reduced the chances 
of survival of the animal Additional studies 3 
showed that cooling of the part distal to the 

From the Department of Surgery of The Johns 
Hopkins University and Hospital The work described 
■ n this paper was done under a contract, recommended 
U the Committee on Medical Research, between the 
offices of Scientific Research and Development and 
Johns Hopkins University 

1 Wilson, H , and Roome, N W The Effects of 
Constriction and Release of an Extremity An Ex- 
perimental Study of the Tourniquet, Arch Surg 32 334 
ffieb) 1936 

2 Duncan, G W , and Blalock, A The Effects of 
jnc Application of a Tourniquet on the General Response 
to Gross Trauma to an Extremity, Surgery 13 401 
(march) 1943 

3 Blalock, A Effects of Lowering Temperature 

an Injured Extremity to Which a Tourniquet Has 

Becn Applied, Arch Surg 46 167 (Feb ) 1943 


tourniquet lessened the ill effects of the ischemia 
and the anemia 

Large animals w ere used m all studies Anes- 
thesia was induced by the mtraA^enous admin- 
istration of 30 mg of pentobarbital sodium per 
kilogram of body weight Additional injections 
of 5 mg per kilogiam were given as needed 
Two experiments were performed <umultane- 
ously, m one the application of the tourniquet 
was continuous, and m the other it was inter- 
mittent One of the posterior extiemiLes was 
struck approximately four hundred and fifty 
moderately seveie blows with a padded hammer 
Immediately thereafter a tourniquet of hea\ \ 
rubber tubing was applied tightly around the 
upper part of the thigh In half of the experi- 
ments the tourniquet was left m place for five 
hours The results of these experiments are 
given in table 1 In the other experiments the 
tourniquet was released for two minutes out of 
every thirty minutes during the five hour period 
The results of these experiments are gnen in 
table 2 

The differences m the tu’O groups of experi- 
ments were more marked than had been 
anticipated Only 1 of the 13 animals surwved 
in the group m which the tourniquet was left m 
place for five hours whereas 8 of the 13 sunned 
in the group m w’hich the tourniquet was re- 
leased intermittently Other differences m the 
two groups are listed m table 3 These results 
simply confirm prevailing impressions m regard 
to the dangers associated with the prolonged me 
of a tourniquet on an injured extremity 
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Table 1 Continuous Application of Tourniquet to a Traumatized Extremity 


Arterial Pressure, Mm Hg 


Expen 

meat 

No 

Body 

Weight, 

Kg 

Con 

trol 

5 Hr 

7 Hr 

9 Hr 

11 Hr 

Con 

trol 

6 

10 S 

153 

173 

68 

52 


40 6 

8 

121 

128 

138 

65 



43 9 

10 

12 7 

128 

153 

118 

103 

103 

37 8 

12 

95 

133 

11S 

110 

90 

48 

3S8 

14 

10 3 

118 

173 

93 



45 7 

16 

13 4 

128 

150 

98 

70 

65 

49 0 

18 

15 4 

153 

153 

70 

30 


52 4 

20 

121 

118 

150 

&S 



46 7 

22 

97 

112 

152 

40 



34 7 

24 

10 D 

118 

182 

93 

78 

60 

410 

26 

92 

128 

152 

75 

45 

40 

4d 7 

28 

no 

130 

14S 

72 

6 Hr 



45 S 

30 

10 4 

143 

153 

65 



41 9 


Urine 

Hematocrit Reading , —p — 

— , Volume, Cc 


5 Hr 

7 Hr 

9 Hr 

11 Hr 

5 Hr 

5-9 Hr 

Oasts 

44 9 

62 5 

62 9 


16 

5 

0 

48 6 

663 

661 


20 

2 

+ 

34 8 

51 2 

52 8 


13 

12 

0 

39 2 

451 

44 4 

42 0 

23 

16 

+++ 

567 

72 2 



13 

6 

0 

53 4 

67 8 

66 7 

645 

25 

25 

+++ 

52 4 

674 

697 


30 

2 

0 

40 3 

»47 



31 

5 

+++ 

353 

42 7 



29 

2 

0 

46 0 

621 

60 7 

612 

27 

15 

4-4— r 

47 2 

52 9 

52 b 

514 

25 

12 

++ 

45 0 

6o 9 
6V: Hr 

608 


31 

3 

+ 

43 8 

565 



50 

10 

+ 


Hours 

Lived 

Alter 

Tourm 

quet 

Off 

5 

4 

Recovered 

8 

2 

13 

4 

4 

3 
9 

75 

4 


1 5 


Loss of 
Fluid, 
%of 
Body 
Weight 

523 
4 95 

4 47 

4 37 

5 71 
373 
C 81 
461 
4 5’ 

4 89 
606 

403 


Table 2 — Into imttent Application of Tourniquet to a Tiaumaiized Exit entity 


Hours 















Unne 

Lived 

Loss of 



Arterial Pressure 

, Jim 

Hg 


Hematoent Reading 


/ 

K~ 

4fter 

Fluid 

Expen 

Body 












Toumi 

cf. nf 






/ 





volume, VdV. 

tC 

meat 

Weight 

Con 





Con 





( — 


quet 

Body 

No 

Kg 

trol 

5 Hr 

7 Hr 

9 Hr 

11 Hr 

trol 

5 Hr 

7 Hr 

9 Hr 

11 Hr 

5 Hr 

5 9 Hr 

Casts Off 

Weight 

5 

11 8 

128 

13S 

118 

S3 

fk> 

36 5 

51 a 

57 8 

603 

627 

39 

15 

+++ 9 

402 

7 

12 0 

123 

163 

113 

90 

S3 

42 9 

»2 4 

57 7 

o6S 

d 6 b 

15 

15 

0 Recovered 


9 

11 1 

118 

7S 

4-> 



4^6 

46 S 

47 0 

45 0 


17 

6 

-a 4 

3S2 

H 

94 

US 

133 

SO 

63 

60 

380 

43 2 

47 3 

46 4 

45 4 

28 

6+ 

TTT 9 

3 29 

1> 

115 

143 

108 

100 

90 

7o 

49 7 

d9 4 

62 0 

60 4 

607 

5 

S 

0 Recovered 


15 

11 4 

118 

15S 

133 

12s, 

113 

40 0 

ol 8 

52 8 

531 

53 2 

39 

31 

0 Recovered 


17 

15 3 

11d 

100 

103 

93 

S3 

36 2 

441 

46 3 

457 

46 5 

22 

12 

+ + Recovered 


n 

118 

112 

148 

128 

9$ 

98 

40 3 

44 o 

40 8 

43 5 

45 0 

25 

30 

0 Recovered 


21 

94 

103 

133 

72 

62 

42 

37 4 

42 9 

451 

45 3 

451 

22 

4 

•4- 7 

612 

23 

10 5 

133 

270 

203 

123 

123 

5 OS 

51 7 

598 

62 2 

63 1 

39 

27 

0 Recovered 


25 

10 7 

138 

148 

128 

93 

92 

44 6 

47 3 

53 3 

52 2 

510 

21 

44 

0 Recovered 


27 

15 4 

118 

152 

142 

13S 

128 

>x> 8 

38 4 

4d8 

47 5 

48 0 

42 

36 

0 Recovered 


20 

S 8 

1"0 

133 

9S 

S3 

63 

j-10 

552 

j9 6 

57 9 

58 6 

20 

7 

+ + 4- 3S 

512 


Table 3 —Comparison of EffeAs of Continuous and of Intermittent Application of Tourniquets to 

Traumatized Extremities 


Observations 

Swelling of leg at end of 5 hour period 
Extent of swelling 'everal hours after release 

Color of skm after release 
Knee reflexes after release 
Quantity of anesthetic agent 

Vverago increase of hematoent rending at time of release (a hour period) 
Peerage increase of hematocrit reading 2 hours later (compared with control) 
Output of urme after release of tourniquet 
Ca't- in urine 

Vverago blood pre <=ur< (mm Hg) )u*t before end of 5 hour period 
Avo-age blood pre«=ure 2 hours later 
Number of animals surviving 
Vvcrage period of survival of remainder 
Regional !o c s of fluid per cent of body weight 


Continuous 
Application of 
Tourniquet 
(13 Experiments) 

Very little 

Extensive, involving 
foot ankle and groin 

Blue 
Absent 
Less required 
1 5 
la 6 

lery small amount 
xfoderate number 
154 
77 
1 

hours 

4 97 (12 expen 
meats) 


Intermittent 
Application of 
Tourniquet 
(13 Experiments) 

Marked 

Limited in main to 
injured area 

Beefy red 
Present 
More required 
62 
99 

Moderate amount 

Very few 
140 
104 
8 

13+ hours 

4 61 (a experi 
ments) 
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EFFECT OF HYPOPROTEINEMIA ON SUSCEPTIBILITY TO 
SHOCK RESULTING FROM HEMORRHAGE 

COLONEL I S RAVDIN CAPTAIN H G McNAMEE and 
LIEUTENANT J H KAMHOLZ 

MEDICAL CORPS, ARM\ OF THE UNITED STATES 

J E RHOADS, MD 

PHILADELPHIA 


A positive relationship between hypopro- 
emenna and susceptibility to shock has been 
dedicated on the observation that the hypopro- 
einemic animal is prone to have a decreased 
ilasnia lolume 1 and that it is generally incapable 
I replacing any further loss in plasma protein 
apidly because the stores of labile protein are 
Jrgely exhausted Little if any direct experi- 
mental evidence on this point has been reported, 
n d jet the importance of this relationship is so 
ractical, from the standpoint of both war surgery 
nd civilian surgery, that the following experi- 
ments v ere undertaken \\ ith a view to estabhsh- 
mg not only whether such a relationship does 
\ist but whether it is quantitatively of sufficient 
nportance to justify greater care in avoiding 
'poprotememia in persons who are likely to be 
M^osed to shock-producing injuries 

METHOD 

The experiments were carried out on mongrel dogs 
oghing 8 to 13 Kg Hypoproteinemia was produced 
1 repeated plasmaphereses in animals maintained on 
le following diet, which appeared to be adequate in all 
l0d s but protein The amount offered was approxi- 
ate b 90 calories per kilogram per day to each dog, 
h in no instance did the animals eat all the food 




Diet 



Mtose 

’-itrose 

aril 

one ash 

111 mixture 

Per Cent 
by 

Weight 

55 1 

18 17 

23 19 

2 3G 

1 18 

Calories 

220 

73 

200 

Per Cent 
of Total 
Calories 

44 7 

14 7 

40 5 

Total 

' u<! noil hver oil 

100 0 

1 5 

493 

100 0 


,e following supplements (made up in an aqueous 
111,0,1 of about pn 5) were fed separateh from the 
Ceding diet 0 1 mg of thiamine h\ drochloride per 
°Sram per day, 400 mg of Wilson’s liter fraction 
Per kilogram per day , and 50 mg of choline chloride 
r kilogram per day Each animal w as gn en approxi- 

r* 

I rom the Harrison Department of Surgical Research 
l 00 ' °f Medicine, Unnersita of PennsAhama 
‘ "Tipple, G H Am T M Sc 196 609 1038 
“ f-ner Traction E, Wilson Laboratories Clucago 


mately 5 cc daily If most of the ration was consumed 
regularly they were mixed with the food, otherwise, 
when the intake of food w'as erratic, the supplements 
were given separately to insure their consumption 
The method of producing shock was similar to that 
used by Govier and Greer 3 Successive amounts of blood 
w'ere withdrawn from a femoral artery at fifteen minute 
intervals until the blood pressure remained below' 60 mm 
of mercury for thirty minutes Measurements of the 
blood pressure were made in the femoral artery In 
some instances continuous recordings were made with 
a kymograph In other experiments the arterial pres- 
sure was measured against a column of mercun at the 
required intervals 

Experiments were completed with 5 normal animals 
and 6 hypoproteinemic animals Four of the Inpopro 
teinemic animals were allowed to recover for periods or 
one to seven months, at which time the serum protein 
concentration had in each instance returned to normal 
range for the species The procedure lor causing shock 
was carried out again on these animals with somewhat 
irregular results 

Loss of Blood Resulting m Depression of Blood 
Prcsstoe to Bcloiv 60 Mm of Mi i airy 
for Thirty Minutes 


Hvpnproteinemic 
animal- After 
Hypoproteinemic Restoration of 
Normal Animals Animals Serum Protein J iel 



Serum 

Loss 


Serum 

Lo=s 


^enim 

Lo 


Pro 

of 


Pro 

of 


Pro 

of 


tern 

Blood 


tern 

Blood 


tern 

Blood 

Dog 

Gm / 

Ml / 

Dog 

Gm / 

Ml / 

Dot 

Gm / 

Ml / 

No 

100 MI 

Kg 

No 

100 All 

Kg 

No 

100 All 

Kg 

127 

6 1 

51 9 

102 

4 1 

2 oh 

10- 

0 4 

- - 

47o 

53 

48 1 

41 

30 

2d 2 

41 

t,S 

2” D 

403 

62 

37 9 

1S2 

3 7 

25 7 

JO 

- o 

4 4 

6'6 

5 5 

4S I 

207 

1 5 

27 0 

7 

~ b 

n n 

7 29 

5 9 

4S0 

700 

2 o 

3° S 








3 5 

27 7 





COM MF\T 

In experimental plasmaphereses m our 1 ibo~>- 
tor\ it has been usual to bleed the animal to ti e 
first sign of air hunger and then to stop L h' 1 - 
been our obsenation that it the b’eeding i- t" *- 
turned much betond this point ike '•Pi'iH 
die As the procedure repealed d e -n f > r o 
blood which mat be down deer-'-' p”- - 
gressn eh so that die -en".i vr< c 1 c 

3 Gotur W M ■* a Grc-' C * 

& E\per Tncrap 72 317 
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tration approaches the edema level the amount 
of bleeding necessary to produce air hunger is 
about half the amount necessary when the first 
plasmapheresis is done 

Likewise, in clinical work it is often observed 
that patients who have to undergo a number of 
successive operative procedures react favoiably 
at first and poorly latei This is particularly 
true of patients who have prolonged suppuration 
or prolonged drainage from a high intestinal fis- 
tula 

The well nourished, well developed, well rested 
person has always been recognized as a superior 
surgical subject The precise factors which pro- 
duce this superiority have nevei been clearly de- 
fined It is probable that they are numerous, and 
it is also likely that the nutritional factors are 
important We believe that for surgical patients 
protein nutrition is of especial importance To 
what degree the presence of ample stores of pro- 
tein conditions the body to withstand the hazards 
of surgical operation is impossible to state 

Earlier studies from this laboratory have 
demonstrated that hypoprotememia interferes 
with healing of wounds, 4 and with gastric empty- 
ing, 5 retards intestinal motility sa and delays the 
calcification of callus m dogs following experi- 
mental fracture 0 There is some evidence that it 
plays an important role m iesistan.ce to infection 6 7 


4 Thompson, W D Ra\dm, I S , and Frank, I L 
Efftct of Hjpoprotemenua on Wound Disruption, Arch 
Surg 36 500 (March) 1938 Thompson, W D , Rav- 
din, I S Rhoads, J E, and Frank, I L Use of 
Liophile Plasma in Correction of Hvpoproteinemia and 
Pre\ ention of Wound Disruption, ibid 36 509 (March) 
1938 

5 (a) Mecraj, P M , Barden, R P and Ravdin, 
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The present experiments indicate that hy 
protememia of the degree produced increased 
susceptibility to hemorrhagic shock about 67 
cent That is, the mean loss of blood necessary 
produce a standard effect on the circulation m 
normal animals w'as 67 per cent greater than 
mean loss of blood required to produce the sa' 
effect m the hypoprotememic animals Furtl 
more, the figures were rather consistent, 
weakest normal animal withstood 5 cc per k 
gram more loss of blood than the strongest by 
protememic animal 

The animals whose protein had been restor 
on the other hand, varied considerably in tl 
responses Dogs 152 and 41 w f ent into she 
as easily as they had when they w r ere hyj 
protememic, even though the serum protein a 
centration had returned to normal The othe 
animals, however, shoved considerable impro 
ment in their resistance to loss of blood I 
dog 796 a much longer interval elapsed (seve 
months) but for each of the other 3 amm 
the interval for recovery was about tw o mont . 

It should also be noted that some of the norn 
animals had serum protein concentrations a lit 
below normal and yet withstood hemorrha 
iery well All of these animals, however, h 
concentrations which were well above the le 1 
for edema for the dog 

These irregularities suggest that plasma pt 
tem levels near the normal range cannot 
relied on to indicate the ability of the animal 
withstand hemorrhage but that when seve 
hypoprotememia is present it is probable tl 
susceptibility to hemorrhagic shock is conside 
ably increased 

CONCLUSIONS 

Chronic hypoprotememia caused a distinct i 
crease in the susceptibility of dogs to shock dt 
to hemorrhage 

Two of the dogs which had been hypopr 
tememic appeared to remain hypersensitive 
hemorrhage even after their serum protein he 
returned to a normal level 
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Abdomen See also Pelvis , Peritoneum etc 

drepanocytosis (sicklemia) and apparently acute 
surgical condition of abdomen report of their 
occurrence in white youth, with laparotomy 123 
penetrating wounds of 311 

significance of supraclavicular signal node in pa- 
tients with abdominal and thoracic cancer studj 
of 122 cases, 109 

traumatic retroperitoneal rupture of duodenum 
presentation of case and review of literature 372 
Abnormalities and Deformities See also under names 
of diseases, organs and regions, as Epididymis , 
Kidneys, etc 

developmental anomalies 169 
fracture deformities, 259 

Abscess See under names of organs and regions as 
Thyroid, etc 

Acid, Pyruvic See under Blood 
Acromioclavicular Joint See Shoulder 
Actinomycosis of hidnej 330 

Adams, W E Hemangioma of mediastinum report 
of case 12G 

Adrenals, cortical tumors 331 

disease and pseudohermaphroditism 333 
medullar} tumors 332 
Age Old See Old Age 

Albumin See Albuminuria , Blood proteins , Pro 
terns 

Albuminuria orthostatic, 156 
Allergy See Anaphylaxis and Allergy 
American Academy of Orthopaedic Surgeons, progress 
In orthopedic surgery for 1912 , preface 266 
progress in orthopedic surgery for 1942 , rev lew 
prepared by editorial board of 89 166 229 
Amputation finger amputation 175 
Anaphylaxis and Allergy role of allergy in delayed 
healing and In disruption of wounds, antigenicity 
of catgut 438 

role of allergy in delayed healing and in disruption 
of wounds delayed healing and disruption pro 
duced by local allergic reaction (Auer phenome 
non) 450 

role of allergy in delayed healing and in disruption 
of wounds effect of specific sensitivity to catgut 
on reaction of tissues to catgut sutures and on 
healing of wounds in presence of catgut sutuies 
445 

Anemia, sickle cell drepanocytosis (sicklemia) and 
apparently acute surgical condition of abdomen 
report of their occurrence in white youth with 
laparotomy 123 

splenic, hip joint involvement in Gaucher s disease 
168 

Anesthesia, 354 See also Surgery 
Anesthetics See Anesthesia 
Aneurysm renal 330 

Angioma, renal lesions in von Hlppel-Lindau disease 
352 

Ankle See also Astragalus Foot 
conditions of foot and ankle, 89 
dislocations of 240 
injuries 98 

sprains 98 „ 

Anomalies See Abnormalities and Deformities and 
under names of diseases organs and regions 
Antigens and Antibodies role of allergy In delayed 
healing and in disruption of wounds antigenicity 
of catgut, 438 , ,, , Io _ 

role of allergy in delayed healing and in disruption 
of wounds delayed healing and disruption pro 
duced by local allergic reaction (Auer phenome 


non) 450 

Anuria See Urine, suppression 
Apparatus for measuring rate of enzymatic dlges 
of absorbable surgical sutures and other protein 


fibers 120 

Armies See Military Medicine 

Arms See Extremities Forearm Humerus 


Radius 


etc 

Armstrong C D 

constriction of hepatic veins 
Arteries See also Aneurysm 
Thrombosis etc 
Injuries to 312 


Results of long term experimental 
henatic veins In dogs 47- 


Blood pressure 


Ascitic Fluid renal operation for drainage of 330 

Astragalus See also Ankle 
fractures of 241 

Atrophy See under names of organs and regions as 
Bones atrophy , etc 

Auei Phenomenon role of allergy In delayed healing 
and in disruption of wounds, delayed healing and 
disruption produced by local allergic reaction 
(Auer phenomenon), 450 


Baciliuna See Urine bacteria 
Bacteria Sec Tubercle Bacilli etc 
Baker, R D Untoward effects of various substances 
recommended for burns or wounds experimental 
tests on rats 300 

Bauer F K Vitamin Bi nutntion in surgical pa 
tients as determined by blood level ol pyruvic 
acid hepatic disease 185 
Vitamin Bi nutrition In surgical patients aa deter 
mined by blood level of pyruvic acid, renal dis- 
ease neoplastic disease and infection 193 
Vitamin Bi nutrition in surgical patients as deter 
mined by blood level of pyruvic acid thyioid 
disease 190 

Berg, P , Jr Tuberculous abscess of thvroid gland 
report of case and review of liteiature 124 
Bilharziasis See Schistosomiasis 
Biliary Tract See Liver 

Blackman S S Jr Lateral abeirant thyroid 
metastasis to lymjih nodes from primary carcinoma 
of thyroid gland 223 
Bladder See also Urinary Tract 
calculus 33G 
carcinoma 337 
cystitis emphysematosa 341 
diverticula 340 

diverticula and prostatic obstruction 149 

malakoplakia 88 

neural lesions 342 

neurogenic conditions 88 

radiation injuries 88 

rupture S7, 339 

tumor 84 

Blalock A Effect of continuous and of intermittent 
application of tourniquet to traumatized extremity 
489 

Blastomycosis involving epididymis 350 
Bloch R G Hemangioma of mediastinum report or 
case 126 

Blood See also Anemia etc 

coagulation, application of dlcoumarin ( 1 3 
methylene-bis [4-hydroxycoumarIn) ) In tnumi 
and gangrene 1 „ , ... , 

coagulation nervous regulation of clotting nietlia- 
nism 105 

pressure high, hypertension 3-9 ... 

proteins effect of liypoprotelnemla on susceptibility 
to shock resulting from hemorrhage, 491 
proteins hypoproteinemia clinical relationship of 
proteins and protein metabolism to therapy with 
reference to surgery 36 

transfusion comparative value of some blood sub 
stltutes used for treatment of experimental s hocl 
315 

vitamin Bi nutrition in surgical patients ns deter 
mined by blood level of pvruvic acid hepatic 

vitamin* B^nutrition in surgical patients as deter 
T mined by blood level of Wjurlc acid renal dls 
ease neoplastic disease and Infection 13 
vitamin Bi nutrition in surgical patients " 4 
mined by blood level of pvruvic acid thvroid 

vo?ume Se toxicopatholog!c studies on d'e T 1 « 2 I' 

Blount V P Conditions Involving Ubovv fortar 
wrist and hand 169 
Bones See also under names of bones 

atnUv post-traumatic painful, o-io^ro '« - 

bone and cartilage transplants - ** . „ « 

change* In osseous ti««ue« after r 

Istratlon of estradiol benro-te (e'trogt ) 

Deformities' 1 sU 4bnomall*Ie< ar t De' 

Diseases See O-co-lmadr' ■* O - ~ « 
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Bones — Continued 

Dystrophy See Bones atrophy Bones growth 

Fractures See Fractures 

grafts 265 

giowtli and endocnnes 179 

influence of estrogens on shape of long bones 1S1 
Btain See Nervous Sr stem etc 
Bramhel C E Application of dicoumarln (3 S 
methylene bis [4 hydroxycoumarinl) in trauma 
and gangrene 1 

Bieast prosthetic restorations for tcclimc using 
sponge rubber 38S 

Biewer J H Casein m local treatment of bums 
and wounds 130 

Bionn A M Prosthetic restorations for breast 
technic using sponge rubber 388 
Brunschvug A Intravenous idnunistration of fat 
foi nutritional purposes experimental studv 395 
Burns casein in local tieatment of burns and wounds, 
130 

heat and mustard gas burns comparison 284 
treatment 310 

unton lrd effects of various substances recommended 
for burns or wounds experimental tests on rats 
300 

Burst syphilis of tendon of long head of biceps 
muscle and of olecranon bursa 423 

Calcaneum fractures of 241 
Calcification See Bones growth etc 
Calcium and Calcium Compounds calcium deposits 
1T3 

Calculi See Bladder Kidnevs Pancre is Ureters 
Unnarv Tract etc 
( alius See under Fractures 

Lanby C B Drepanocvtosls (sicklemia) and ap 
parentlv acute surgical condition of abdomen 
report of their occurrence in white youth with 
1 iparotoniv 123 

Cancer See also Tumors and undei names of or 
Bans and regions as Abdomen Bladder Colon 
Lips Prostate Thyroid Ureters etc 
vitamin Bi nutrition in surgical patients as deter 
mined bv blood level of pyruvic acid lenal dis 
ease neoplastic disease and infection 193 
Carbuncle Belial See Neplultis 
Carcinoma See Cancer 

Caidiov ascular System See Arteries Heart etc 
Carpi nter ( Drepanoey tosis (sicklemia) and ap 
parently acute surgical condition of abdomen 
repoit of their occunence m white youth with 
laparotomy 123 
Carpus See IVnst 

Cartilage 191 See also Osteochondritis etc 
bone and cartilage tiansplants 262 
reconstructive plastic surgery of absent ear with 
necrocartilage original method 53 
Caruncle See Urethra 

Casern m local treatment of burns and wounds 130 
Casts See Pnctures 
ritgtit See Sutures 
( ells See also Tissue 

interstitial cell tumors of testis report of 3 new 
casts 41a 

Cliemosurgery See Lips cancer 
( homotlicnpv See Sulfonamides 
( best See Thorax 
( hondrogenosis See under Cartilage 
( larlcle fractures of 229 
significance of supraclavicular signal node m pa 
tients with abdominal and thoracic cancer studv 
of 122 cases 109 

Clav R C Plant nevus of thigh successfully treated 
bv complete excision and primary grafting 319 
Lateral aberrant thyroid metastasis to lymph nodes 
from primary carcinoma of thyroid gland 223 
Lobectomy of liver report of 3 cases 267 
Colics Fracture See Radius fractures 
Colon See also Intestines 
Fistula See Fistula 

two stage operation for carcinoma of transverse 
colon producing duodenocollc fistula report of 
2 cases 197 correction 371 
Contracture Dupuytren s 177 

Volkmanns ischemic contracture 170 
Convalescence convalescent care of patients with 
fractures 253 
Convulsions See IpUepsv 

Comvell H E Fractures excepting fractures of neck 
of femur 229 

Cook F \ Review of urologic surgery 73 146 325 


Coumarln application of dicoumarln (9 3’-methylenc- 
bls-[ 4 -liydroxycoumarln]) In trauma and pan- 
grene 1 

Crik G Naval casualties In base hospital In South 
Pacific 305 

Cryptorchidism See Testes undescended 
Curtis It M Casein In local treatment of burns 
and wounds 130 
Cystitis See under Bladder 

Cysts See under names of orgins and regions ns 
Ixidnevs etc 

Davis H A Vitamin Bi nutrition in surgical pa- 
tients as determined bv blood level of pyruvic 
acid hepatic disease 1ST 

Vitamin Bi nutrition in surgical patients as deter- 
mined by blood level of pyrin ic acid renal dis- 
ease neoplistlc disease and Infection 193 
lilamln Bi nutrition In surgical patients as deter- 
mined by blood lev el of py ruv Ic acid thy rold 
disease 190 

Deformities See Abnoimalities and Deformities and 
under names of dise ises organs and regions 
de Takats G Nervous regulation of clotting mecha- 
nism 105 

Detergents untoward effects of various substances 
recommended for burns or wounds experiment 1 
tests oil rats 300 
Dicoumarln See Coumarln 
Dietbylstilbestrol See Estrogens 
Digestlie System See Intestines pancreas etc 
Dislocations See Ankle , Hip Shoulder , etc 
Dlveitlcula See Bladder Uretlna 
Docl ertv M B Medlastin il ganglioneuroma JOS 
Drepanoey tosis See Anemia sickle cell 
Illinium I I Intravenous administration of fat foi 
nutritional purposes experimental study 395 
Duodenum Fistula See Fistula 

traumatic retioperltoneal rupture presentation of 
case nnel review of literature 972 
Diipuytien Contracture See Contracture 
Dystrophy See Bones atrophy 

Ear reconstructive plastic surgerv of absent ear with 
necrocaitilage original method 53 
I dmondson 11 A Interstitial cell tumois of testis 
report of 3 new ensos 41 o 
Elbow conditions involving elbow forearm vvust and 
hand 169 

fractures about 230 
tendon ruptures about elbow 170 
EHmore L F Drepanoey tosis (sicklemia) and ap- 

parently acute surgical condition of abdomen 
report of their occurrence in white youth with 
laparotomy 123 
Fmbolism See Thrombosis 
Emphysema cystitis emphysematosa 341 
Endocrine Clands and growth of bones 179 
Endocrine Therapy See under names of glands and 
hormones 

Enteritis See Intestines 

Enzymes apparatus for measuring rate of enzymatic 
digestion of absorbable suigical sutuies and other 
piotein fibers 120 

Fpididymis abnormalities poly orchidism 350 
blastomycosis involving 350 
tumor 350 

tumor and tunica vaginalis 15S 
Epilepsy Question of vertebral fractures in convulsivi 
therapy and in epilepsy J44 
Epiphvses epiphyseal pseudartlirosis 2G4 
epiphysial separations 252 
Erythremia See Polycythemia 
Erythrocytes See Anemia etc 
Estradiol Benzoate See Estrogens 
Estrogens changes in osseous tissues after prolonged 
administration of estradiol benzoate (estrogen) 
ISO 

influence on shape of long bones 181 
oral administration of dietbylstilbestrol for pros 
tatlsm clinical ev filiation 381 
Evans Blue toxlcopatliologic studies on dye T 1824 17 
Exophthalmos progressive in toxic disease of thy 
roid gland renew of recent literature with 
report of case of progressive post-thv roidectonfi 
proptosis In 6 year old Negro girl 214 
Extremities See also under names of bones 
Amputation See Amputation 
application of dicoumarln (3 3 -methylene-bls 
[4 hydroxycoumarin)) in trauma and gangrene 1 
effects of continuous and of intermittent application 
of tourniquet to traumatized extremity 489 
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Fat, intravenous administration tor nutritional pur- 
poses experimental study 395 
Femur See also Hip 
Epiphyses See Epiphyses 
fractures of 236 
fractures of neck of 253 

Ficarra'B J Pancreatic calculi report of 7 cases 
in 2 of which cure was effected by pancreatico 
lithotomy, 137 

Fingers and Toes See also Foot Hand 
Contracture See under Contracture 
correction of opponens paralysis 176 
finger amputation 175 
hallux valgus 97 

Fistula two stage operation for carcinoma of trans- 
verse colon producing duodenocolie fistula report 
of 2 cases 197 correction, 371 
vesicointestinal 87 
vesicovaginal 342 
Flatfoot See Foot deformities 

Foot See also Ankle Astragalus Calcaneura Fin- 
gers and Toes Xletatarsus, etc 
and military sen ice 92 
conditions of foot and ankle 89 
deformities 94 

disorders conditions of foot and ankle 89 
fractures and dislocations of bones of hands and 
feet 235 

fractures, march fractures 251 
March See Metatarsus 

Forearm conditions involving elbow forearm wrist 
and hand 169 
fractures of, 233 

reconstruction following partial resection of radius 
263 

Foreign Bodies, 309 
in renal pelvis 79 

Fractures See also Foiearms laws Pelvis Spine 
and under names of bones and joints as Astraga- 
lus Calcaneum Elbow Femur nip Humerus 
Metatarsus, Patella Radius Scaphoid Bone 
Carpal Tibia Ulna etc 
Colies See Radius fractures 
compound 247 

convalescent care of patients 253 
delay In union of 265 
excepting fractures of neck of femur 229 
external skeletal pin fixation for 252 
formation of callus and healing of 261 
fracture deformities 259 
march fracture 251 
pathologic 251 

jiost-traiimatic painful osteoporosis 259 
Frostbite application of dicoumann (3 3 methylene- 
bis [4-hydroxy coumarin]) in trauma and gan- 
grene 1 

Ganglioneuroma mediastinal 20S 

Gangrene application of dicoumann (3 3 -methvlene- 
bis-[4-hydroxycoumann]) m trauma and gan- 
grene 1 

gas and tetanus 313 
progressive m operative wound 457 
Gas Gangrene See Gangrene 

heat and mustard gas burns comparison 264 
Gastrointestinal Tract See Colon Intestines etc 
Gaucher s Disease See Anemia splenic 
Genitals See Urinary Tiact , and under names of 
genitals as Penis etc 
Genitourinary Tract See also Unnarv Tract 
Globulin In Blood See Blood proteins 
Goiter See also Till roid 
goiter heart experimental study 27 
Gonorrhea sulfonamide and penicillin therapy 162 
Crafts bone 265 

giant nevus of thigh successfully treated bv com 
plete excision and primary grafting 310 
Cray H K Mediastinal ganglioneuroma 20S 
Gunshot Mounds See Mounds 

Gutierrez R Review of urologic surgery 7> 146 
325 

Gvnecologj ureteral Injun during gynecologic oper i 
tions 335 

Haik C XI Progressive exophthalmos in toxic 
disease of thyroid gland review of recent lltera 
ture with report of case of progressive post 
thyroldectomv proptosis In 6 year old Negro girl 
214 

Hallux See Fingers and Toes 


Hammack R M' Interstitial cell tumors of testis 
report of 3 new cases 415 
Hand See also Fingers and Toes 
conditions involving elbow forearm wrist and 
hand 169 

fractures and dislocations of bones of hands and 
feet 235 
surgery of 174 

Hauser EDM Conditions of foot and ankle 89 
Heart goiter heart experimental study 27 
Heat and mustard gas burns comparison 284 
Hellvvig C A Goiter heart expeiimental study 27 
Hemangioma of mediastinum report of case 126 
Hemorrhage effect of liypoproteinemia on suscepti- 
bility to shock resulting from hemorrhage 491 
effects of continuous and of intermittent application 
of tournniuet to traumatized extremity 489 
Hemorrhoids administration of succinvlsulfatlnazole 
before and after hemorrhoidectomy 366 
Hemostasis See also Blood coagulation etc 
effects of continuous and of intermittent application 
of tourniquet to traumatized extremity, 489 
Henry M G Fractures of carpal scaphoid bone in 
industry and m military sen ice 278 
Heparin nervous regulation of clotting mechanism 
105 

Hepler A B Review of urologic s lrgery 73 146 
325 

Hermaphroditism pseudohermaphroditism and adre 
nal disease 333 

Hinmaii F Review of urologic surgeiv 73 146 323 
Hip See also Femur 

conditions involving hip joint 166 
dislocation 169 
fracture dislocation of 25S 
involvement in Gaucher s disease 168 
simplified surgical approach to 144 
ion Hippel s Disease See under Retina 
Hopps H C Role of allergy in delned lit Ring and 
in disruption of wounds antigenicity of catgut 
438 

Role of allergy in delay td healing and in disrup 
tion of wounds delayed healing and disruption 
produced by local allergic reaction ( Viter pin 
nomenon) 450 

Role of allergv in delayed healing and in disrup 
tion of wounds effect of specific sensitivity to 
catgut on reaction of tissues to catgut sutures 
and on healing of wounds in present t of tatgut 
sutures 445 

Hospitals naval casualties in base hospital in ‘south 
Pacific 305 

Hueper M C Toxicopathologn studies on dve 
T-1824 17 

Humerus fractures of 229 
Hydronephrosis 328 

Hypertension See Blood pressure high 
Hypoproteinemia See Blood proteins 

Ichmowski C T Toxicop itliologie studies on dye 
T-1824 17 

Ileus See Intestines 

Industry fractures of carpil st ipliold bone in Indus 
try and in military service 276 
Infection See also Mounds and under names of 
bacteiia 

vitamin Bi nutrition in surgiril patients as deter 
mined by blood leitl of pvruilc acid rent! d! 
ease neoplistic disease ind infection 1 9,, 
Injections See also Blood trinsfusion 

intravenous administration of fat for nutrition il 
purposes experimental study >87 
Injuries See Vnkle Nose etc 
Instruments See Apparatus 
Internal Secretion See Endocrine Cl ind» 

Intestines See also Colon Duodenum 
Fistula See Fistula 

regional enteritis pathologic studv of 22 iw 
Islands of I angerlian-, 6ee I inert a' 

Jaws fractures of 244 
Jejunum See Inte'tlnes 

Johnson H F Fractures exrtp Irg fr-cuirt '' 

neck of femur 22 q 

Johnson M L Traumatic ret ot trite r.t 1 - t 'e 

of duodenum pre'cntatlen cf ei t old am 1 
of literature >'2 

Joints 6oe also under names <e indlv d a! v 
as Elbow Hip e‘c 
Contracture See Ccitracuie 
sprain' r, y 
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Peyronie's Disease See Denis diseases 
Fhalanges See Fingers and Toes 
Pickrell Iv L Giant neuis of tlngji successful^ 
treated bj complete excision and primnrj graft- 
ing 319 

Lobectomy of liter, report of 3 cases 207 
Plastic Surgery See Surgerj plastic 
Polycythemia yera , results of long term experimental 
constriction of hepatic veins in dogs 472 
Position See Posture 

Postlethwait R XV Tuberculous abscess of tin raid 
gland report of case and retievi of litcratuie 
429 

Posture orthostatic albuminuria 156 
Pregnancy pjeloureteral changes in 91 
Pringle s Disease See Sclerosis tubeious 
Prostate cancer 149, 342 

obstruction and diverticula of bladder 149 
oral administration of diethjlstilbestiol for pros 
tatism clinical evaluation SSI 
osteomjelitis complicating prostatic operations -,47 
prostatectomy \ersus transurethral resection 140 
prostatitis 150 

recurrent sjmptoms after transuretlnal piostatec 
tomj 148 
resection, 344 
sarcoma 344 

Prostatectomv See under Prostate 
Prostatism See Prostate 
Prostatitis See under Trastate 

Prosthesis See Breast Testes 

Proteins apparatus for measuring rate of enzv untie 
digestion of absorbable surgicil sutures and other 
protein fibers, 120 

lijpoproteinemia clinical relationship of proteins 
and protein metabolism to tlierapj aaitli reference 
to surgerj 30 

m Blood See Blood proteins 
Prothrombin See Blood coagulation 
Pseudarthrosis epiphyseal, 2G4 
Pseudohermaphroditism See Hermaphroditism 
Pjelographj urographt 100 
Pyuria See under Urinarj Tract 

Races See also Negroes 

drepanocatosis (sicldemla) and apparcntlj acute 
surgical condition of abdomen report of their 
occurrence in avlnte joutli aaitli laparotoma 123 
Radium ureteral Injurj ba 330 

Radius forearm reconstruction follomng partial re- 
section of radius, 203 

fractures of lower end of radius and ulna 233 
Hardin I S Effect of hjpoprotememin on suscepti- 
bility to shock resulting from hemorrhage 491 
Regen E M Fractures excepting fractures of neck 
of femur 229 

Retina renal lesions in a on Hlppel-Lmdau disease 
352 

Ribs cervical and scalenus anticus sjndrome 102 
Richards V Results of long term experimental con 
striction of hepatic veins in dogs 472 
Robbins E B Comparative value of some blood 
substitutes used for treatment of experimental 
shock 315 

"°9ntgen Rajs radiation Injuries of bladder SS 
Therapy See under names of organs regions and 
diseases 

Roave M j j r Simplified surgical approach to 
hip 144 

Ryan N H Pancreatic calculi report of 7 cases 
In 2 of which cure avas effected bj pancreatlco 
lithotoma, 137 

Sarcoma See Cancer Tumors and undei names of 
organs and regions as Prostate etc 
Scaphoid Bone Carpal fractures and dislocations of 
bones of hands and feet 235 
fractures in industrj and in militarj sera ice 27S 
fractures of carpal navicular 204 
Scapula anatomj and pathology, 99 
schistosomiasis 341 

Schlatter-Osgood Disease See Tibia tuberosttv 
Scholl A ,1 Review of urologtc surgerv 73 14G 32, 
Schrager V L Sjpliills of tendon of long bead of 
bleeps muscle and of olecranon bursa 423 
Sclerosis tuberous 327 

C’Cotf c C Comparative value of some blood sub 
stltutes used for treatment of experimental shock 
315 

Scrotum avulsion of, 350 

secretions Internal See Endocrine Glands 


Semilunar Bone fractures and dislocations of bonc'- 
of hands and feet 235 
Senilitj See Old Age 
Sesamoid Bone See Metatarsus 
Sex Intergrades See Hermaphroditism 
Shepard D V Mediastinal ganglioneuroma 208 
Shod effect of lnpoproteinemia on susceptlbllitv to 
shock resulting from hemorrhage 491 
experimental comparative value of some blood 
substitutes used for treatment of 311 
Shoulder See also Clavicle Humerus Scapula 
bilateral subluxation of ncromioclav Icular joint no 
conditions involving shoulder and necl 09 
dislocation 103 
pain treatment 102 
Sicklemia See \nemia sickle cell 
Sizer I M Apparatus for meixuring rite ot en 
zvmatic digestion of absorbable surgical sutures 
and other protein libers 120 
Speed T S I ractuie defoi mines 2o9 
Speimatic Cord tumor -,51 
Spine fractures of 212 

question of vertebia] nactures in convulsive tin 1 
apj and in epilepsj 211 

Sponge rubber prosthetic restorations for bre v-t 
technic using sponge rubber 38S 
Sprains See Ankles 
Steindler A Research 178 

Stuck V\ C Fnetures excepting fi icturcs of neck 
of femur 229 

Succinjlsulfathiazole See Sulfon imteles 
Sulfonamides administration of uccinvlsuPithi vzolt 
before and after liemorrhoidcvtomv 300 
loc il application to svnoviil suifaces 184 
toxic reaction to administration of 102 
Suprarenals See Adrenals 
Surgerv See also Apparatus Wounds ete 

nvpoprotememia clinical relationship of protein 0 
and piotein metabolism to thorapv with icfiienct 
to surgerv 30 

plastic bone and cartilage transplants 202 
plastic reconstiuctive plastic smgerv of ibsuit 
ear with nccrocartllagc original method 13 
progressive gangrene in operative wound !">7 
role of allergv in deJaved healing ami In dfsrup 
tion of wounds antlgenlcitj of catgut 138 
role of nllergj in dclaved healing and in disiuption 
of wounds delaved healing and disruption pro 
duced bv locnl allergic reaction ( Vuer s plionom 
enon) 430 

role of allergv in dclaved healing and In disruption 
of wounds effect of specific scnsltivitv to r vtgut 
on reaction of tissues to eitgut sutures and on 
healing of wounds in presence of eitgut sutures 
445 

vitamin Bv nutrition In surgical patients ns deter 
mined bv blood level of pvruvit acid hipitli 
disease 183 

vitamin Bt nutrition in surgical patients as deter 
mined bj blood level of pvrtivlc acid renal 
disease neoplastic disease and Infection 193 
vitamin Bi nutrition in surgical patients a° deter 
mined bv blood level of pjruvic acid tin raid 
disease 190 

Sutherland R Simplified surgical approach to hip 
144 

Sutures See also under Surgerv 

apparatus for measuring rate of enzv malic diges 
tlon of absorbable surgical sutures and other 
protein fibers 120 , 

role of nllergj In delaved healing and in di°nip 
tlon of wounds nntigcnicltv of catgut 438 
role of allergv In delaved healing and in disruption 
of wounds delaved healing and disruption pro 
(hired bv local allergic reaction ( \ucr phenomt 
non) 4*»0 

role of aliens In delated liealinc and in di*rur?Ion 
of wounds effect of specific scnsltivitv to catgu 
on reaction of tissues to catgut sutures and rn 
healing of wounds in presence of ra’gut °u 
tures 445 , , . , 

SvmpatbicoMa'toma presacral causing urinarv ot 
stmetion 353 , ,, . , 

Svnovial Membrane local application of sulfo m- ! V* 
to sjnovial surface' 18-, 

Svphllls Sec under name' of organs an d rigin"' t- 
Tendons etc 


-1824 Sec Blood volume Fvans Bln 
jlus See astragalus 
vrsus Sec Ankle 4stragalu' 
•mperature Fee Heat 


Calc-re-" F«t 
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Tendons calcium deposits 173 

correction of opponens paralysis 176 
lesions of 171 , „ . . 

sy plallls , syphilis of tendon of long head of biceps 
muscle and of olecranon bursa 423 
tendon ruptures about elbow 170 
Testes See also Epididymis 

abnormalities poly orchidism 350 
interstitial cell tumors of report of 3 new cases 
415 

prosthesis 330 

tumor of epididymis and tunica vaginalis 158 
undescended cryptorchidism 157 
Tetanus and gas gangrene 313 

Thiamine vitamin Bi nutrition in surgical patients 
as determined by blood level of pyruvic acid 
hepatic disease 185 

vitamin Bi nutrition in surgical patients as deter- 
mined by blood lei el of pyruvic acid renal dis- 
ease neoplastic disease and infection 143 
vitamin Bi nutrition in surgical patients as deter 
mined by blood level of pyruvic acid thyroid 
disease 190 
Thigh See also Hip 

giant nevus of thigh successfully treated by com- 
plete e\clsion and primary grafting 319 
Thompson (1 J Eeiieii of urologic singer} 73 
14G 325 

Thoracic Duct permeability of lymph vessels and 
lymph pressure 355 

Thorax See also Heart Mediastinum Bibs , etc 
penetrating wounds of chest 311 
significance of supraclavicular signal node in pa- 
tients with abdominal and thoracic cancer study 
of 122 cases 109 

Thrombosis results of long term experimental con- 
striction of hepatic veins in dogs 472 
tumor thrombosis of renal rein 320 
Thyroid lateral aberrant thyroid metastasis to lymph 
nodes from primary carcinoma of thyroid gland 
223 

progressive exophthalmos in toxic disease of thy- 
roid gland , review of recent literature, with 
report of case of progressive post thyroidectomy 
proptosis in 0 year old Negro girl 214 
tuberculous abscess of report of case and review 
of literature 429 

vitamin Bi nutrition in surgical patients as deter- 
mined bv blood level of pyruvic acid thy roid 
disease 190 

Thyroidectomy progressive exophthalmos in toxic dis- 
ease of thyroid gland review of recent literature 
with report of case of progressive post tliyroidec 
tomy proptosls in 6 year old Xegro girl 214 
Tibia fractures of 238 

tuberosity Osgood Schlatter disease 406 
Tissue See also Cells 

apparatus for measuring rate of enzymatic diges 
t Ion of absorbable surgical sutures and other 
protein fibers 120 

role of allergy in delayed healing and in disrup- 
tion of wounds delayed healing and disrup- 
tion produced by local allergic reiction (Auer 
phenomenon) 450 

role of allergy in delayed healing and in disrup- 
tion of wounds effect of specific sensitivity to 
catgut on reaction of tissues to catgut sutures 
and on healing of wounds in presence of catgut 
sutures 445 

Toes See Fingers and Toes 
Torticollis so called congenital torticollis 99 
Tourniquet See Hemostasis 
Transplantation See Grafts 

Trauma application of dicoumarln (3-3 -methylene 
bis [4-hydroxy coumarln]) in trauma and gan 
grene 1 j_" 

post traumatic painfi& osteoporosis 259 
Trochanter See Femur 
Tubercle Bacilli tuberculous bacilluna 153 
Tuberculosis See also under names of diseases 
organs and regions 

tuberculous abscess of thyroid gland report of 
case and review df literature 429 
Tumors See also Angioma Cancer Ganglioneu- 
roma and under names of organs and regions 
as Bladder Epididymis Kidneys Testes etc 
vitamin Bi nutrition in surgical patients as deter- 
mined by blood level of pyruvic acid renal dis- 
ease neoplastic disease and infection 193 
VI liras See under Kidneys 
Tunica V aginalis See Testes 


Uhry E Ir Osgood Schlatter disease 406 
Ulcers See also under names of organs and regions 

tiopical, 314 

Ulna fractures of lower end of radius and ulna 
233 

syphilis of tendon of long head of biceps muscle 
and of olecranon bursa 423 
Ureterocele See Ureters dilatation 
Ureterotomy See under Ureters 
Ureters See also Urinary Tract 
calculus 82 334 
carcinoma 334 
dilatation 82 
injury by radium 336 

injury during gynecologic operations 335 
intubated ureterotomy S3 
pyeloureteral changes III pregn incy 81 
spasm 336 
transplantation S4 
Urethi i caruncle 151 
diverticulum 151 349 
periurethral extravasation 150 
Urinary Trnct See also Ivldnevs Ureters, etc 
calculi 352 
infections of 352 
neurogenic conditions 83 

pres-tcral sj mpatiucobiaslonia causing urinary ob- 
struction 353 
pvuria 151 
sterile pyuria 152 

Urine bacteiia, tuberculous baullurla 133 
suppression anuria 154 
Urography See Pyelography 
Uiolitblasls See Urinary Tract calculi 
Uiologic surgerv leview of 73 14b 325 

Vagina Fistula See Tlstula 
Vas Deferens vasltls nodosa 159 
1 eins See also Tluombosls etc 
Prcssuie See Blood pressure 
results of long trim expenmental eonslrution of 
hepatic veins m dogs 172 
tumor tluombosls of renal vein 326 
Venous Piessuie See Blood piessure 
Veitebrie See Spine 

lincava L P Significance of supraclavicular 
signal node In pitients with abdominal and 
thoracic cancer study of 122 cases 109 
3 itamlns Bi See Thiamine 
Iv See Blood coagulation 
VoIKmnnn s Contracture See Contracture 

War See Military Medicine Naval Medicine, 
Wounds etc 

Wlldbolz E Review of urologic surgery, 73-146 
325 

Wilensky A O Hypoproteinenna clinical rela- 
tionship of proteins and protein metabolism to 
therapy with reference to surgerv 36 
WUths Tumor See under Kidneys 
Worth H M Comparative value of some blood 
substitutes used for treatment of experimental 
shock 315 

W r oimded and Sick naval casualties in base hospital 
in South Pacific 305 

Wounds See also Military Medicine, Naval Medi- 
cine 

casein in local treatment of burns and wounds 
130 

progressive gangrene In operative wound 457 
role of allergy In delayed healing and in dlsrup 
tion of wounds antigenicity of catgut 43S 
role of allergy in delayed healing and In disrup- 
tion of wounds delayed healing and disrup- 
tion produced by local allergic reaction (Auer 
phenomenon) 450 

role of allergy In delayed healing and In disrup- 
tion of wounds effect of specific sensitivity to 
catgut on reaction of tissues to catgut sutures 
aud on healing of wounds in presence of cat- 
gut sutures 445 
treatment of infection, 306 

Untoward effects of various substances recom- 
mended for burns or wounds experimental tests 
on rats 300 

Wrist See also Scaphoid Bone Carpal 

conditions involving elbow forearm wrist and 
hand 169 
Surgery of 171 

Zygoma fractures of malar bone 246 
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Peyronies Disease See Penis ell«ea'cs 
Phalange' See Fingers inti Toes 
Pictall K li Glint nevus of tlilgji smeessful'y 
treated bv complete excision inti prlmnrv graft- 
ing 311 

lobectomy of Uver report of 3 < ases 207 
Plastic Surgerv See Stinren plastic 
Polvcvthemia rera , results of lone term <\piinmntil 
con'trlctlon of liepitlc veins in dogs i;j 
Portion See Fosturo 

Po'tlethwait R 11 Tuberculous abscess of thyroid 
Eland, report of case and realm of literature 

4"Q 

Po'ture orthostatic albuminuria lie 
Pregnanev pveloureteral changes in si 
PruiEles pibease See ‘'Cleroslc tuberous 
Predate cancer 141 312 
ob traction and diverticula of bladder 1 Ji 
oral administration of dlcthvlstllhcstrol for pio 
titi'm clinical er ablation 3S1 
osteomyelitis complicating prostatlc opiritlons )7 
prodatectomv versus tran'uritliril reserihm lb, 
prostatitis 159 

recurrent semptnms after transuretlir tl pro t iti< 
tony 111 
resection 344 
sarcoma 344 

Pro«tatectomv dee under Prostate 
Pro tatism dee Prostate 
Prostatitis under Prostate 
Prosthesis tee Breast Testes 
Proteins apparatus for mtasurlnt rate of enrvmitii 
digestion of absorbable surgle il sutures nut other 
pro'ein fibers 120 

mpoproielncmla clinical relationship of proteins 
and protein metabolism to therapy yvltli refer* me 
to 'iirjrerr 3(j 

5cc proltin^ 

P'eudam^ f q<?e . ? lood COTUihtion 
L « hr0 ' ! l E r'lphystal 2C4 
y= Phrod!t ''? Vcc Hermtpl.roditl n 
PviTrif s "'■otrrarljv ICO 
rrutla s ec under Lrfnarv Tract 

Patty s t . f al'o >,egrocs 

X *V°* h .McHemla) and .ppartnllv aenlt 
occurrfT,eo°? d w of ' lll<I ' )Iaan report of tin lr 

HZ? f BWw »‘ , « WO b\ 0U VB W " b h "' lr ° ,0rm 1 ” 
fr 'ect!on r of n ?ad r ius 0n 2C3 ,CtIOn follo " ln,: ’ ,artl 11 rt ‘ 

PsyaiD Ur / 5 s° f r? cnd of n< Hus >n<l nln i 2 i I 
Mlty to «wt of , hypoprotelncmla on snscepti- 
Pegen E yr °r rc , suItIn £ from hemorrhage 401 
„ ot femur ooo ractures tsceptlnc fractures of neck 
Pttina renal lLt 

3j 2 crons In von Hipptl Llndau disease 

Pdcharde y 3 * ?, Pd scalenus antlcus syndrome 102 
,'tnctlon nr ’pnu ltnn experimental eon- 


. t 'trictlon , r r i of lon ff term expert 
Robbing e E “ e 9?tlc veins In dogs 472 

sibatitutes Ta, uc of «omc blood 

p^'hock 317 ~ ea for treatment of experimental 

Theup/ 9 ? Ration Injuries of bladder 88 
p di'easts cr nan u.s of organs regions and 

t0 *e M j j 

Rjan\ ^ r < ’ bn Phfled surgical approach to 

!?, 2 Of Whlc^mfi t <f ? calc,dI report of 7 cases 
“•Moray 137 ure Kas effected by p mere itleo 

e ee „ 

x ° r ?ns and recto™ Tllf !L rir<! aml under names of 
Bone ? p «st a te , etc 

of hand. ‘ rat tures and dislocations of 

: rac tures i n t , n 1 ftct 215 

s tjM tUr{s of varna^ a , nd , In m,,ltar T service, 278 
v£ u anatrjmv ' a , navl cular 2 04 

''tihtt'e 07 " 1481 ”^^ palh °>0W 99 

s , ceT,Wa 

m. r v L SynhL “,° 8lC “Urcery 73 140 ">2', 
^litc^rauscle J? ° f ,cmIr m of long head of 
bit, p tuberous o 27 f oIecranon hursa, 423 

’U Ut6s u ' ed fo^treatmJnt Uft f ° f £0me b,ood <!ub ' 

tment of experimental shock. 
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ee Endocrine Glands 


fccninunar^lhin^fractures and disloeat.ons of bones 

hcnillty See Old Age “ 

Sesamoid Bone See Metatarsus 

Stanrli n' 1 ? 05 lr Se f Hermaphroditism 

Shoe) pttrrt nf , Mednst ' n »l fciuf-lioncuroma 20R 

shocf w tl r?' 0 ' ‘T emn on susceptibility to 
shock resulting from hemorrlnge 491 

experimental comparttive yalue of some blood 

tlscd for treatment of 315 

&h hll»^r i Se ,V ls ° Cla%lcIe Humerus Scrpula 
bilateral subluxation of acromioclavicular joint 99 

dhlocalion 10°j Une Sl '° U,der '‘ nd neA 98 
prin treatment, 102 
^jdlemin See Anemia, sickle cell 

APPirttus for me mining rate of en 
aymaric digestion of absorbable surgical sutures 
and other protein fibers 120 
^peed 1 s 3 lactnre deformities 259 
ipermntic Cord tnmoi 151 
‘'pine fractures of 242 

question of vertebral fractures in conurlshe ther- 
apy and in epilepsy 244 

■sponge rubber prosthetic restorations for breast 
technic using sponge rubber 388 
''Pr tins stce Ankles 
Mcimlhr A Research 178 

Much \V G rractures excepting fractuics of ncek 
of femur 229 

‘Mtcclnv lsulfathia7ole See Sulfonamides 
Sulfonamides administration of succlnylsuPathlaroU 
before and nfler hcmorilioideetomy 3GG 
lor il application to synovial suifnees 184 
toxlL reacllon to administration of 1G2 
■'Upt lienals See Adrenals 
■'iirgery See also Apparatus Wounds etc 
liypoprotelnemia , clinical relationship of proteins 
md pioteln metabolism to tbenipv ulth refeienec 
to ‘•urgery ifi 

plasth bone and cartilage transplants 2G2 
plistle reeonstructHe plasth surgery of ibsent 
ear nllh necroeartllagc original method 93 
progressive gangrene In operative wound 177 
role of allergy In delayed healing and in dtsuip 
non of wounds, antigenicity of cnlgut, 4,38 
Toll of allergy In delivcd licnllng md hi disruption 
of wounds clcltycd holing and disruption pro 
duced by local allergic reaction (Auer’s phenom- 
enon) 450 

role of allergy In delayed healing md In disruption 
of wounds effect of sperlfh sensitivity to uitgut 
on reaction of tissues 1 1 o ttgut mturcs and on 
healing of wounds In present e of catgut sutures 
447 

vlt rmln Bi nutrition in surgical patients as deter 
mined by blood heel of pyruele arid hi path 
disease 387 

vitamin Bi nutrition in surgical patients as deter- 
mined by blood level of pyruvic arid lenal 
dhcisc ncopliitlr dlseise and Infection I'M 
vitamin Bi nutrition In surgical patients as deter 
mined by blood level of pyruvic arid thyroid 
disease 190 

Sutiicr! inel R Mmplificel surgical aporoneh to hip 
144 

Sutures See al»o under Surgery 

apparatus for men urlng rate of en/ymitle dl, es 
tlon of absorb ibh aurgle.il sutures and other 
protein fibers 120 

role of allergy in delayed licnllng rnd fn dlsrup 
tlon of wounds antigenicity of catgut, 438 
role of allergy in delayed healing and In disruption 
of wounds delayed healing and disruption pro 
dirctrl by local allergic reaction (Auer phenome 
non), 470 

role of allergy In rlelryed healing and In disruption 
of wounds effect of specific sensitivity to catgut 
on reaction of tissues to catgut sutures and on 
healing of wounds In presence of rntgut su 
tures 445 , , 

Sympathleoblastoma presaeral, causing urinary ob 
strortlon >7i 

Synovial Xlcmbrane local application of sulfonamides 
to synovial surfaces 184 

Syphilis See tinder names of organs and regions, ns 
Tendons, etc 

T-1824 See Blood volume, Fvans Blue 
Talus Sec Astragalus 

Tarsus Sec Ankle Astragalus, Cilcaneum Boot 
Temperature See Heat 



